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CONGENITAL ABSENCE OF THE RIGHT PULMONARY ARTERY* 
Diagnosis by Angiocardiography, with Cardiorespiratory Studies 
Irvinc M. Maporr, M.D.,} Epwarp A. GarEnster, M.D.,{ anp Joun W. Striever, M.D.§ 


BOSTON 


ONGENITAL absence of a branch of the com- 
mon pulmonary artery in a patient with ap- 
parently normal lungs is a rare anomaly. Only 9 
cases were found on a review of the literature since 
1850. The condition was recognized at post-mortem 
examination in 7 of these, and at operation in 2. 
The clinical diagnosis of this anomaly has not, to 
our knowledge, been described previously. The 
purpose of this paper is to present clinical and 
physiologic studies of a patient in whom congenital 
absence of the right branch of the pulmonary artery 
was diagnosed by angiocardiography. 
Frantzel,! in 1868, was apparently the first to re- 
cord the absence of a branch‘of the common pul- 


+ monary artery. The findings in previously reported 


cases are summarized iv. Table 1. The clinical 
course and the cause of death differed greatly in the 
6 recorded cases in which the condition was found 
on the right side. The anomaly itself was the 
cause of death in a single case.* Three patients died 
of associated serious cardiovascular anomalies!: *: °; 
in the remaining 2, death was due to unrelated 
infection.?: 3 

The autopsy findings were similar in many re- 
spects. All’ patients had a normal left pulmonary 
artery, which was a direct continuation of the main 
artery. There was an anomalous systemic arterial 
blood supply to the right lung arising from the 
ascending aorta, right innominate artery or sub- 
clavian artery in all cases but one. The left lung was 
larger than the right, and there was some herniation 


.*From the Thoracic Surgery Service, Massachusetts Memorial Hos- 
itals, and the Department of Surgery, Boston University School of 

edicine, the Thorndike Memorial Laboratory, Second and Fourth 
Medical Services (Harvard) and the Thoracic Surgery Service, Boston 
City Hospital, and the Department of Medicine, Harvard Medical School. 

Supported in part by grants from the National Institutes of Health, 
Public Health Service, the Committee on Research of the National Tuber- 
culosis Association and the Foundation for the Study and Treatment of 
Thoracic and Related Diseases, Brookline. 
_ tAssistant in surgery, Boston University School of Medicine; assistant 
in surgery, Massachusetts Memorial Hospitals; assistant to visiting sur- 
geon, Thoracic Surgery Service, Boston City Hospital. 

tAssistant in surgery, Boston University School of Medicine; research 
fellow in medicine, Harvard Medical School; assistant to visiting surgeon, 
Thoracic Surgery Service, and assistant in medicine, Thorndike Memorial 
Laboratory and Second and Fourth Medical Services (Harvard), Boston 
City Hospital. 

_ §Clinical professor of surgery, Boston University School of Medicine; 
visiting surgeon, Massachusetts Memorial Hospitals; surgeon-in-chief, 
Thoracic Surgery Service, Boston City Hospital, 
















































of the left upper lobe into the right side of the chest 
in 3 patients.?» *»5 Despite the herniation and 
apparent overdistention of the left lung, pathologic 
changes characteristic of pulmonary emphysema 
were not recorded. In all patients except one’ the 
right lung was normally aerated. In cases in which 
the histology of the right lung was described, the 
pulmonary architecture was normal, although in 
several there were superimposed pathologic changes, 
such as healed tuberculosis,* hemorrhage,*: ® pleural 
cysts‘ and necrosis.’ There were one or more asso- 
ciated anomalies of the heart or great vessels in 
every case (Table 1). 

Absence of the left pulmonary artery has been 
reported in only 3 cases (Table 1).7° Since the 
diagnosis was made at operation in 2 patients, 
anatomic description was limited. 


Case Report 


A 14-year-old schoolgirl was referred to the Thoracic Sur- 
gery Clinic of the Massachusetts Memorial Hospitals by 
Dr. Harry G. Briggs, of Kingston, because of an enlargement 
of the upper mediastinal shadow seen on a roentgenogram of 
the chest. ; 

The patient’s health had always been good. Two years 
prior to admission she had had intermittent contact with an 
ancle, who soon thereafter died of pulmonary tuberculosis. 
Since then she had bcen followed with repeated chest roent- 
genograms. An upper mediastinal shadow, which failed to 
change with passage of time, was observed. Her physician 
thought that this was not due to tuberculosis and referred her 
for diagnostic study. She had no complaints on admission. 

The parents and three siblings were living and well. An 
uncle and an aunt had pulmonary tuberculosis. 

Physical examination revealed a well developed, thin, 
dark-skinned girl, who weighed 44 kg. and was 157 cm. tall 
(body surface in square meters, 1.40) and who appeared to be 
in good health. The face was not swollen, and the neck 
veins were not distended. The trachea was in the midline, 
and no nodes or masses were palpated in the neck. The chest 
was of normal shape, expansion was free and equal, and the 
lungs were clear to percussion and auscultation. The heart 
was not enlarged or displaced, and there were no thrills. 
The sounds were of good quality, and a soft systolic murmur 
was heard over the pulmonic area. The ventricular and periph- 
eral pulse rates were equal, with regular rhythm. There 
was no edema, cyanosis or clubbing of the extremities. The 
remainder of the physical examination revealed no abnor- 
malities. 

The temperature, pulse and respirations were normal, 
The blood pressure was 110/70 in both arms, 


150 


The urine had a specific gravity of 1.015 and contained a 
trace of albumin; the sediment contained 5 to 15 white-blood 
cells per high-power field. Examination of the blood showed 
a red-cell count of 4,200,000, with a hemoglobin of 12.1 gm. 
and a hematocrit of 37 per cent, and a white-cell count of 
8800 with a normal differential count. The total protein, 
albumin-globulin ratio, icteric index, prothrombin time, 
nonprotein nitrogen and fasting blood sugar were all within 
normal limits. The cephalin-flocculation test was +-+ in 24 
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lungs were not remarkable except that the minor fissure on 
the right was elevated. Repeated roentgenograms of the 
chest and fluoroscopy suggested a slight herniation (more 
apparent on deep inspiration) of the upper lobe of the left 
lung across the anterior mediastinum. 

Bronchoscopy revealed angulation of the trachea so that 
the right main bronchus was visualized easily; the left was 
seen only on marked lateral flexion of the head. The carina 
was normal. The orifice of the right-upper-lobe bronchus ap- 








Previously Reported Cases of Unilateral Absence of Pulmonary Artery. 





Taste l. 
REPORTED 
AUTHOR SipE AGE Sex Cause oF 
AFFECTED Deatu 
Frantzel! Right 25 yr. F. Cardiac failure 
(1868) 

Doring? (1914) Right 8 mo. F. Otitis media, bi- 
lateral broncho- 
pneumonia 

Miller? (1927) Right 35 yr. F. Puerperal sepsis 

Ambrus* (1936) Right 6 days F. Hemorrhage, right 

s 

Miller’ (1937) Right 6 days M. Tension pneumo- 
thorax, necrosis 
of right lung 

Findlay & Right 4 mo, F. Cardiac failure 

Maier® (1951) 

Thomas? (1941) Left 3 mo. F, Tetralogy of Fallot 

Blalock (1947) Left Not Not Operative finding 

stated Stated 
Left 28 yr. F. Operative finding 


Sweet & White® 
(1951) 


(patient living) 
on removal of 
left upper lobe 


Systemic ARTERIAL 
UPPLY TO 
Invotvep Lune 

**Index-finger-sized” 
branch from aorta, 
just below arch, pass- 
ing into right hilus 


Thin branch, with‘‘hour- 
glass contour,’”? from 
right innominate at 
junction with — sub- 
clavian; minute bron- 
chial arteries. 

Branch of subclavian, 
with diameter of 
*‘normal brachial” 
anastomosing with 
esophageal, pericar- 
dial and bronchial 
arteries; bronchial 
arteries not enlarged. 


Branch of innominate 
artery, 9.5 mm. in di- 
ameter to right hilus 


Only bronchial arteries 
of normal caliber. 


Vessel from left side 
of aorta, 2.7 cm. in 
diameter, coursing be- 
hind esophagus, enter- 
ing right lung and di- 
viding in normal 
manner 

Vessel from aorta aris- 
ing to left of left in- 
nominate, entering 
left lung 


According to illustra- 
tion, small branch 
from left innominate 

Artery, larger than de- 
scending aorta, arising 
from distal third of 
arch, passing into left 


APPEARANCE OF 
PuLMONARY 
Tissue 
Both lungs well aerated; 
brown = discoloration 
of lung tissue. 


Right lung smaller than 
left; both lungs aer- 
ated; patches of bron- 
chopneumonia. 


Right lung small, with 
two lobes; both lungs 
aerated; healed paren- 
chymal tuberculosis, 
old pleuritis; left up- 
per lobe herniated 
into right portion of 
chest. 


Right lung partly aer- 
ated; small cysts over 
middle lobe; alveoli 
filled with blood; left 
lung well aerated. 

Right lung collapsed, 
with necrosis and 
large perforation; 
left lung well aerated. 

Both lungs aerated; bi- 
lateral lobular pneu- 
monia, and patchy 
areas of hemorrhage; 
enlarged heart en- 
croaching on left lung. 


Not stated 


Not stated 


Hemorrhage into left 
upper lobe due to rup- 
tured atheromatous 
branch of anomalous 


AssociaTED 
ANAToMIC 
ABNORMALITIES 
Cardiac hypertrophy 
and dilatation; bifur- 
cated heart; arterio- 
venous fistula be- 
tween pulmonary ar- 
tery and ascending 
aorta, other than duc- 

tus. 

Right cardiac enlarge- 
ment; anatomic pa- 
tent ductus arterio- 
sus; anomalous take 
off of arteries from 
arch of aorta. 

Cardiac hypertrophy; 
two-cusped tricuspid 
and aortic valves; co- 
arctation of aorta; 
high take off of cor- 
onary arteries; 
anomalous intercostal 
arteries; anomalous 
pulmonary lobes. 

Anatomic patent duc- 
tus arteriosus 


Anatomic patent duc- 
tus arteriosus; patent 
foramen ovale. 


Severe cardiac hyper- 
trophy and dilatation 
on right and left; pa- 
tent foramen ovale. 


Cardiac hypertrophy; 
pulmonic stenosis; pa- 
tent foramen ovale; 
interventricular se 
tal defect; over-riding 
aorta; right aortic 
arch; congenital ab- 
sence of ductus arteri- 
osus. 

Probably pulmonic | 
stenosis; right aortic 
arch. 

**Evidence of cardiac 
anomalies” 





lung artery 





and ++ in 48 hours. The circulation time, arm to tongue, 
was 14 seconds. An electrocardiogram was interpreted as 
normal in all leads. Examination of a guinea pig inoculated 
with gastric contents was later reported negative for My- 
cobacterium tuberculosis. 

On admission, a roentgenographic study of the chest 
(Fig. 1) and barium-swallow examination were made. These 
films were interpreted as showing a heart of normal size 
and contour. The trachea was displaced to the right. The 
esophagus was in the midline but showed a pressure defect on 
the right as well as a small pressure defect on the left and 
anteriorly. There was slight oblique creasing of the esopha- 
gus about 2.5 cm. below the sternal notch. The roentgenol- 
ogist* considered the findings to be strongly suggestive of a 
congenital anomaly of the great vessels, perhaps a right 
aortic arch with an anomalous right subclavian artery. The 
right hemithorax was somewhat smaller than the left. The 


*We are indebted to Dr. George Levene, of Boston, for this interpretation. 





peared to be somewhat reduced in size. No other abnormali- 
ties of the tracheobronchial tree were noted. 

Bronchograms were made under fluoroscopic control. The 
bronchi of the left lung and of the right middle and lower 
lobes filled rapidly and well, but there was. poor filling of the 
bronchial tree of the right upper lobe. Accordingly, additional 
oil was injected into the right main bronchus. Despite 
adequate positioning the segmental bronchi to the upper 
lobe of the right lung were much smaller than normal, and 
there was no distal arborization (Fig. 2). 

Because of the roentgenogram, suggestive of congenital 
anomaly of the great vessels, angiocardiograms were made. 
After injection of 50 cc. of 70 per cent Diodrast into the 
right median basilic vein, exposures were made at intervals 
of half a second(Fig. 3 and 4). Half an hour after the series 
of films were taken in the posteroanterior position a second 
injection was made and films were taken in the left posterior 
oblique position. The series of films were interpreted as 
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demonstrating a very slight delay in the venous return to 
the heart, nonfilling of the right branch of the pulmonary 
artery, and slight filling of the right pulmonary arterial tree 
after aortic opacification, indicating a blood supply from the 
greater circulation to the right lung.* 

An intravenous pyelogram outlined a normal urinary tract. 

The patient’s hospital stay was uneventful. Because no 
therapy was deemed advisable at this time, she was dis- 
charged to be followed:in the Thoracic Surgery Clinic. 

The patient was transferred to the Thoracic Surgery 
Service of the Boston City Hospital for investigation of 
cardiorespiratory function. The results of these studies are 
presented in Table 2. 

All components of the total lung capacity, including the 
residual volume, were about equally reduced. There was no 
evidence of overdistention in the pulmonary resting posi- 





Ficure 1. Posteroanterior Roentgenogram of the Chest. 


The left hemithorax is somewhat larger than the right, and the 
trachea is shifted to the right. 


tion. The intrapulmonary mixing index, the nitrogen con- 
tent in the alveolar air after the lungs had been fiushed with 
oxygen for 7 minutes, indicated normal intrapulmonary 
diffusion of gases.!° 

Dynamic exchange of air, as expressed by the maximum 
breathing capacity, was somewhat reduced. Both the air- 
velocity index" and the timed vital capacities! were normal. 
This suggested that the somewhat low maximum breathing 
capacity was due to a reduction of the useful lung volume 
(restrictive defect) rather than bronchial obstruction or loss 
of oprerayld elasticity (obstructive defect). 

t rest, and breathing room air, the patient ventilated 
more than a normal person, chiefly because of an increased 
tidal volume. Whereas normally at rest no more than 2.2 
liters of ventilation are required for an oxygen uptake of 
100 cc. (ventilation equivalent), this patient required 3.8 
liters. Ventilation was also moderately increased during a 
standard exercise test.4 

Blood gas studies, obtained at rest while the patient was 
breathing room air, showed a normal oxygen content and 


*We are indebted to Dr. Max Ritvo, of Boston, for his co-operation in 
obtaining and interpreting these angiocardiograms. 
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— power. The arterial blood was 94 per cent“satu- 
rated. 

Bronchospirometry was carried out under thiopental- 
curare anesthesia. Respirations were severely depressed 
during Part I of the procedure (Table 3 and Fig. 5). Al- 
though the patient was anoxic the right lung was responsible 
for only 7 per cent of the total oxygen uptake. The tidal vol- 
ume was normally distributed between the two lungs, the 
right lung participating to the extent of 55 per cent of the 
total. Part II of the bronchospirometry was performed 25 
minutes later while both lungs breathed room air.* Under 
these conditions the right lung absorbed no oxygen, but the 
relative ventilation remained normally distributed. Dur- 
ing Part III the right lung breathed oxygen while the left 
lung remained on the room air system. In this situation, 
the right lung absorbed 18 per cent of the total oxygen 
(Table 3 and Fig. 5). 


Discussion 
Roentgenography 


In 3 previous cases of this anomaly, autopsy find- 
ings revealed that the left lung was larger than the 
right.2>3»5 A marked disproportion between the 
size of the two lungs and an asymmetry of the 
thoracic cage can be seen on the chest roentgeno- | 
gram in the case reported above (Fig. 1). Hernia- 
tion of the upper portion of the left lung across the 
midline, described in other cases, was also readily 
apparent. 

The absent “hilar comma,” thought by Danelius!® 
to be pathognomonic of an absent pulmonary 
arterial supply, could not be demonstrated in the 
case reported above. 

Angiocardiography has been performed in 2 cases 
of agenesis of the lung.!* 17 Failure to demonstrate 
the right pulmonary artery was believed to have 
confirmed this diagnosis. Nonfilling of a main 
branch of the common pulmonary artery has also 
been shown by angiocardiography after oblitera- 
tion of the vessel by pulmonary emboli!® and in 
patients with destruction of one lung due to tuber- 
culosis or cancer.!9 We have found no reports of 
angiocardiographic diagnosis of unilateral absence 
of a pulmonary artery in the presence of aerated 
lung on that side. In the case presented above, the 
sole indication for angiocardiographic studies was 
the radiologist’s interpretation of the chest roent- 
genogram and the barium swallow. The exposures 
in the posteroanterior position showed the usual 
filling of the superior vena cava, right auricle and 
right ventricle. From the first film, obtained two 
seconds after injection, it appeared that the pul- 
monary artery filled normally at its origin; from 
there it coursed directly to the hilus of the left 
lung without suggestion of a right branch (Fig. 34). 
Arborization within the left lung was normal; a 


_branch supplying the left upper lobe passed medi- 


ally to the porticn of this lobe herniated into the 
right hemithorax (Fig. 34 and B). The second 
film, taken: three seconds after injection (Fig. 3B) 
demonstrated the onset of venous return from the 
left lung. At this time there was still no contrast 
medium in the right lung field. The exposure made 
at four and a half seconds (Fig. 44) showed that 
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outlined. 
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the left pulmonary veins were well outlined, the The possibility of an anomalous blood vessel from 
left ventricle had filled and the contrast medium the greater circulation to the right lung was con- 





A 8B 
Figure 2. Bronchogram, Showing the Right Bronchial Tree in the Posteroanterior Position 
(A) and the Entire Tracheobronchial Tree in the Right Posterior Oblique Position (B). 


The right-upper-lobe bronchus appears narrowed, and the usual distal arborization of this 
lobe is not outlined. 


had reached the arch of the aorta. This film was sidered. The early appearance of radiopaque ma- 
also the first to reveal a faint outline of arborizing terial in the right lung suggested that this came 
vessels in the right lung. At eight seconds the left from the first portion of the arch of the aorta. It 





A B 
Ficure 3. Angiocardiograms in the Posteroanterior Position. 
The film exposed two seconds after injection (A) shows the usual filling of the superior vena 
cava, right auricle and right ventricle. The pulmonary artery fills normelly and courses 
directly to the hilus of the left lung. A branch supplying the left upper lobe passes medially 
to the portion of this lobe herniated into the right hemithorax. The film taken three seconds 
after injection(B) shows onset of venous return from the left lung; no contrast medium. is 
seen in the right lung field. 


lung was almost completely cleared of contrast was difficult to ascertain at what level this sys- 
medium, the descending aorta had filled, and the temic blood supply arose because the arch filled 
vascular markings of the right lung were clearly quickly; it did not originate from the lower thoracic 


or upper abdominal aorta. The films showed no 
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other anomalies of the heart or great vessels, which 
were frequently found in previously reported cases 
of this anomaly. 


Embryology 


Congdon?® has given an excellent description of 
the development of the aortic-arch system in the 
human embryo. 

The earliest primary pulmonary artery is found 
after completion of the fourth arch and before the 
sixth arch is complete. The sixth arch forms by 
establishment of a connection between the primary 
pulmonary artery and the dorsal aorta. This junc- 
tion produces the ductus arteriosus on the left side 
and the transient right pulmonary arch on the right. 

Interruption of the right pulmonary arch occurs 
on about the forty-fifth day in the 12-mm. em- 
bryo. Three circumstances are considered respon- 
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Failure of the latter to develop may be ascribed to 
two causes: failure of the primitive right pulmonary 
artery to grow caudad toward the lung bud or 
exaggeration of the tension and hemodynamic 
factors that cause disappearance of the distal seg- 
ment of the right pulmonary arch, resulting in 
obliteration of the proximal segment as well. The 
latter factor may be operative in view of the rela- 
tive prevalence of ‘absent right pulmonary artery 
in the cases reviewed (Table 1). However, the 
former may be called upon to explain an absent 
left pulmonary artery. 


Physiology 


Virchow” first showed that one branch of the 
main pulmonary artery may be ligated without 
causing necrosis of the lung if the bronchial blood 
supply on that side is not compromised also. 





B 


Ficure 4. Angiocardiograms. 
In the film taken at four and a half seconds (A) the left pulmonary veins are well out- 
lined; the left ventricle has filled, and contrast medium has reached the arch of the aorta 
(this exposure was the first to show a faint outline of arborizing vessels in the right lung). 
At erght seconds (B) the left lung is almost cleared of contrast medium, the descending aorta 
is filled, and the vascular markings of the right lung are outlined. 


sible for this involution: there is tension on the 
arch by caudal shifting of the dorsal aorta; the arch 
appears to be pulled caudally at its ends and held 
back at the middle by the vagus nerve and its recur- 
rent branch; the position of the arch in relation to 
the pulmonary blood current is disadvantageous, 
as a result of which the left vessel receives more 
blood and maintains its luminal structure more 
readily. Congdon?° regards these mechanical and 
hemodynamic factors as responsible for retention 
of the left pulmonary arch and gradual interruption 
of the right. 

The foregoing description explains the involu- 
tion of the distal segment of the right sixth arch 
but not of the proximal segment, which remains as 
the origin of the adult right pulmonary artery. 





Ligation has been done in animals experimen- 
tally.2-25 In man the operation has been performed 
for the treatment of pulmonary tuberculosis and 
bronchiectasis,?*: 27 to control hemorrhage”® or be- 
cause of mistaken identity of the vessel.? *° 

The immediate physiologic effects of unilateral 
occlusion of the pulmonary artery were first in- 
vestigated in animals by Maar,*! who showed by a 
bronchospirometric technic that the occlusion 
caused a cessation of oxygen uptake and carbon 
dioxide output on the occluded side. 

Acute occlusion experiments were recently per- 
formed in intact dogs by Dotter and Lukas® and 
in man by Carlens and his associates.* The tip of a 
cardiac catheter was fitted with an inflatable bal- 
loon and either branch of the main pulmonary 
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artery could be occluded at will. True unilateral 
occlusion without compromising the blood flow to 
the other lung caused only slight increase in 
right ventricular pressure. Simultaneous broncho- 
spirometry showed cessation of oxygen uptake on 
the side of occlusion. This bronchospirogram was al- 
most identical with the one obtained in the case 
reported above and with the one recorded by Roh.*° 

The late effects of unilateral ligation of the pulmo- 
nary artery have been studied in dogs by Bloomer 
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artery was ligated for technical reasons. Cardio- 
pulmonary function was studied two years after 
operation. The most striking alterations of function 
were shown by bronchospirometry; the left lung 
was responsible for only 6 per cent of the total 
oxygen uptake, but 37 per cent of the ventilation 
and 30 per cent of the vital capacity. 

In the case reported above, the moderate reduc- 
tion of pulmonary volumes (Table 2) may have 
been due to the decreased size of the right hemi- 











TaBLe 2. Studies of Pulmonary Function. 
Lune VotumeEs witn Patient SuPINE InpDEx Dynamic VENTILATION STUDIES 
OF 
InTRA- 
Put- 
MONARY 
Mrxinct 
INSPIR- EXPIR- VITAL  RESID- FUNC- TOTAL RATIO MAXI- VITAL AIR TIMED CAPACITIES§ 
VaLuE ATORY ATORY CAPAC- UAL TIONAL LUNG OF MUM CAPAC- VELOC- 
CAPAC- RE- ITY VOL- RESID- CAPAC- RESID- BREATH- ITY ITY 
ITY SERVE UME UAL ITY UAL ING IN INDExt 
VoL- CAPAC- voL- CAPACI- uP- 
UME ITY UME ITY RIGHT 
TO POSI- 
TOTAL TION 
LUNG 
CAPAC- 
iTy* , 
ce. ce. ce. ce. ce. ce. % % lit. /min. Ct. % % % 
Ist sec. Ist 2 sec. Ist 3 sec. 
Predicted .... 2,380 790 3,170 790 1,590 3,960 20 >2.50 89 3,170 0.8-1.2 <75 <90 100 
Breathing 
room air: 
Observed... 1,890 500 2,390 730 1,230 3,120 23 1.41 62 2,500 0.89 89 97 100 
Percentage of 
predicted 79 63 75 92 78 79 115 Normal 70 79 Normal Normal Normal Normal 
Breathing 
oxygen: 
Observed 
Percentage of 
predicted 
* Residual volume 100 


Total lung capacity 
tAlveolar nitrogen after 7 minutes of breathing oxygen. 
~% maximum breathing capacity. 
% vital capacity 
§$Percentage of total vital capacity. 
q Walking ventilation 
Maximum breathing capacity 








etal.%4 By application of the Fick principle to a single 
lung, “effective” systemic blood flow through the col- 
lateral circulation could be calculated. Eventually, 
this was often more than a third of the total left 
ventricular output. 

Studies have been reported on 2 patients in whom 
the left pulmonary artery had been surgically 
ligated. The first was reoperated on six years after 
alleged ligation of a patent ductus arteriosus.”® 
The left pulmonary artery had been previously 
ligated by mistake. Angiocardiography gave no 
evidence of circulation in the left pulmonary 
artery. High oxygen and low carbon dioxide con- 
tent of the alveolar gas samples collected from the 
involved lung and increased resting ventilation were 
thought to confirm the assumption that there was 
little gaseous exchange in the left lung. 

The second patient was reoperated on for patent 
ductus arteriosus.*° During interruption of the re- 
canalized aneurysmal ductus the left pulmonary 





thorax or the reduced volume of the right upper 
lobe. 

Pulmonary emphysema could not be demon- 
strated since dynamic ventilation studies and intra- 
pulmonary mixing were normal and the residual 
volume and functional residual capacity occupied a 
normal proportion of the total lung capacity. 

The only distinctly abnormal results of over-all 
studies were concerned with minute ventilation and 
the relation of ventilation to oxygen uptake. Since 
the two lungs ventilated equally and only one ab- 
sorbed oxygen, total ventilation should have been 
twice normal. This was actually the case during 
room air breathing at rest (Table 2). 

Bronchospirometry was carried out under very 
special circumstances beginning with thiopental- 
curare-induced apnea and accompanied throughout 
by underventilation and hypoxia (Fig. 5 and 
Table 3). Because of this hypoxia it should be 
possible to calculate the “effective bronchial 
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arterial flow” through the right lung, as suggested 
by Bloomer et al. The “effective” flow — that is, 
the flow taking part in the absorption of oxygen — 
was calculated by the Fick principle, - e. ; x 100, 
applied to a single lung. The oxygen absorbed 
(a), refers to the absorption by the right lung as 
determined by bronchospirometry; the oxygen 
content of the blood leaving the right lung (c) was 
the peripheral arterial oxygen content when both 
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output at rest should be increased only by these 
950 cc. The “effective bronchial arterial flow” was 
calculated to amount to about 17 per cent of the 
left ventricular output; the normal bronchial 
arterial flow is approximately 1 per cent of the left 
ventricular output. 


Therapeutic Considerations 


These studies suggest that the right lung had a 
large collateral blood supply, consisting of enlarged 


TaBLe 2. (Concluded.) 








Restinc VENTILATION AND Gas ExcHaNGE 


RESPIRA- TIDAL VEN- OXYGEN 
TORY VOLUME TILA- CON- 
RATE TION SUMP- 
VaLuE TION 
ce. cc. /min. cc. /min. 
ND aii5 si0s06 maine ivi er 4,680 213 
Breathing 
PORN RES os aesisi0i00 
Ce 17 550 9,350 249 
Percentage of 
predicted........0. ane arte 200 117 
Breathing ; 
oxygen: 
a rr 17 440 7,480 235 
Percentage of ’ 
predicted.......... aise aan 160 110 


Watkino WALKING Bioop Gas Stup1Es WITH 
VENTILATIO InvDEx] Patient REstTinG 
at 180 Fr. 
PER Min. 
VEN- ARTE- ARTE- ARTE- 
TILA- RIAL RIAL RIAL 
TION OXYGEN OXYGEN OXYGEN 
EQUIVA- com- SATU- 
LENT BINING RATION 
POWER 
lit.Jrooecc. lit. |min. % ce. [lit. cc. flit. % 
yy 14 18 awe ees 96.2 
3.8 18 29 186 198 94.0 
173.0 129 161 Normal Normal Normal 
3:2 
146.0 





lungs breathed oxygen; and the oxygen content of 
the blood reaching the right lung (b) was the 
peripheral arterial oxygen content under the experi- 
mental conditions, the right lung breathing oxygen 
and the left room air. Because of the varying depths 
of anesthesia, one period of our bronchospiro- 
metric study was not comparable with the next nor 
with the resting studies. Nevertheless, the oxygen 
uptake of the right lung (a) during the last part of 
the bronchospirometry (Part III, Table 3) was 40 cc.; 
the oxygen content of blood supplying the right 
lung (b) was 144 cc. per liter (Table 2). If it is 
assumed, on the basis of the determination while 
both lungs were breathing oxygen (Part I, Table 3) 
that oxygen content of the blood leaving the right 
lung (c) was 186 cc. per liter, the “effective bronchial 
arterial flow” would be 950 cc. Cardiac output was 
not determined simultaneously with bronchospirom- 
etry, but since there was no reason to suspect an 
intracardiac left-right shunt, the left ventricular 


bronchial arteries or of an anomalous vessel arising 
from the arch of the aorta or the innominate artery. 
The latter alternative derives support from post- 
mortem findings in previously reported cases 
(Table 1). 

The hemodynamics of the right side of the heart 
should not be expected to differ greatly from those 
encountered after pneumonectomy, pressure in the 
pulmonary aftery usually being normal at rest 
though slightly elevated during mild exercise.*® 

The work of the left side of the heart is augmented 
by the “effective bronchial arterial flow” to the 
right lung. In addition there may be a quantity of 
arterial blood flowing through the right lung that 
was not measurable because it did not participate in 
oxygen uptake. It is possible that this volume 
significantly adds to the load of the left side of the 
heart since it has been shown that the permeability 
of the alveolar membrane to gases is impaired after 
a lung has been deprived of its pulmonary-artery 
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blood supply for some time.** In this patient the 
entire additional work of the left ventricle, con- 
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eral arterial supply to such a lung were large 
enough, cardiac failure might eventually ensue as it 








TaBie 3. Results of Bronchospirometric Studies. 
Respir- TipaL MINUTE Minute VENTILATION ARTERIAL ARTERIAL 
ATORY VoLuME VENTILATION OxyYGEN EQuivALENT OXYGEN XYGEN 
Periop oF OBSERVATION Rate UpTake Con- Satu- 
TENT RATION 
ce. % ce. % ce. % liter [100 cc. ce. [liter % 
During thiopental-curare anes- 
thesia 
Part I (with oxygen to both 
lungs) 
Right lung .............. 18 5555 1,000 55 15 7 6.7 
(3 Seer 18 45 45 820 45 215 93 0.4 
During recovery from anesthesia 
Part II (with room air to both 
lungs) 
ee PSL eee 32 85 55 2,695 55 0 0 
ae ee 32 70 45 2,205 45 153 100 1.4 
Part III (with oxygen to right 
and room air to left lung) 
EEMAR oliscsicw ic ewsssnis 30 98 55 2,950 55 40 18 6.7 iets sue 
SU MIR S o nents oui sass 30 80 45 2,410 45 185 82 1:2 144 73 





sisting of the “effective” and “‘ineffective” bronchial 
flows, is probably not great enough to warrant 





Bronchospirograms Obtained during Thiopental- 
Curare Anesthesia. 
The tracings read from right to left; the excursions of the right 
lung are recorded above those of the left. In the first tracing 
(top) both lungs were supplied with oxygen; there was marked 
respiratory depression. The right lung was responsible for 55 per 
cent of the total ventilation and only 7 per cent of the total oxygen 
uptake (Part I). During the first portion of the second study 
(bottom, right) both lungs were supplied with room air. The 
ratio of ventilation remained unchanged, but the right lung ab- 
sorbed no oxygen under these conditions (Part II). During the last 
portion (bottom, left) the right lung was supplied with oxygen, 
and the left with room air. The right lung then became responsible 
for 18 per cent of the total oxygen uptake (Part II). At this 
time the arterial oxygen saturation was only 75 per cent. 


Ficure 5. 


pneumonectomy. Removal of the right lung might 
be undesirable because further distention of the 
left lung would result.*5. 37 If an anomalous periph- 





may with any large arteriovenous shunt. Findlay 
and Maier® suggested that if cardiac failure due to 
this condition were recognized during life, resection 
of the involved lung or ligation of an anomalous 
arterial supply might prove life saving. With this 
in mind we are following our patient at regular in- 
tervals although at present she shows no clinical 
evidence of cardiac embarrassment. 

In 3 of the previously recorded cases hemorrhage 
into the parenchyma of the abnormally supplied 
lung was described.‘ ® ° This may have been due 
to the inability of the pulmonary vascular bed to 
withstand the high pressure of the systemic circuit. 
In view of this, hemoptysis, if it does occur in our 
patient, may well be an indication for exploratory 
thoracotomy. 


SUMMARY 


Congenital absence of a main branch of the pul- 
monary artery in the presence of aerated lungs has 
been reported in only 9 cases since 1868. The con- 
dition has never been recognized during life. 

Diagnosis of absence of the right branch of the 
pulmonary artery was made by angiocardiography in 
a fourteen-year-old girl who was entirely well. Physi- 
cal examination and the usual laboratory studies 
were negative. The chest roentgenogram showed 
some deviation of the trachea to the right; and the 
right hemithorax was slightly smaller than the left. 
Bronchoscopy and bronchography revealed slight 
narrowing of the right-upper-lobe bronchus. 

The possible embryologic development of this 
anomaly is discussed. 

Pulmonary-function studies showed the maximum 
breathing and vital capacities, residual volume and 
total lung capacity to be slightly reduced. Air-flow 
velocities, intrapulmonary mixing and _ arterial 
oxygen saturation were normal. The minute ventila- 
tion was increased both at rest and during exercise. 

During bronchospirometry with room air the 
right lung showed normal ventilation but did not 





Vol. 2 


parti 
duce 
lung 
becar 
oxyg' 
Th 
enter 
prince 
per « 
cardi 


Th 





1952 


urge 
1s it 


_, 


llay 
> to 
‘ion 
ous 
this 
in- 
ical 
age 


ied 
Jue 


it. 
our 
ory 








Vol. 247 


No. 5 


participate in oxygen uptake. As the result of in- 
duced hypoxia and by supplying room air to the left 
lung and oxygen to the right lung, the right lung 
became responsible for 18 per cent of the total 
oxygen uptake. 


The entire output of the right side of the heart 


entered the left lung. By application of the Fick 
principle to a single lung it was estimated that 17 
per cent instead of the usual 1 per cent of the 
cardiac output on the left entered the right lung. 
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Therapeutic implications are considered. 
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ELECTROLYTE-BALANCE STUDIES IN NORMAL VOLUNTEERS AND CLINICAL OBSER- 

VATIONS ON THE EFFECTS OF CATION-EXCHANGE RESINS IN PATIENTS WITH CAR. 

DIOVASCULAR DISEASE AND IN SUBJECTS RECEIVING PITUITARY ADRENOCORTICO- 
TROPHIC HORMONE (ACTH)* 


Cuartes D. Bonner, M.D.+ 


BOSTON 


N 1946 Dock! suggested that cation-exchange 

resins might prevent sodium retention. Some of 
the properties attributed to these resins are con- 
sistently found, and meet with common agreement. 
There are fundamentally two types of cation- 
exchange resins: carboxylic resins and_ sulfonic 
resins functioning in the Ht and NH, cycles respec- 
tively. Included among the resins that have been 
studied are Amberlite XE-64’, Amberlite XE-66°, 
Amberlite IR-100H, Ionac C—200, Ionac C284, 
Permutit XAC*, Dowex 50, Liquonex CRW, Nal- 
cite, Duolite, and Win 3000. During resin therapy, 
there is a decrease in urinary Nat, K+, Ca**, and 
Mgt and an increase of these ions in the stool. 
There is increased ammonia production in the urine 
associated with a tendency to acidosis. The car- 
bon dioxide combining power of the blood di- 
minishes, whereas the serum chloride increases. For 
these reasons, resins must be used cautiously in 
renal disease even though evidence of chronic 
toxicity is lacking. 

There have been conflicting reports concerning 
other properties of resins. Although the manu- 
facturers have claimed combining capacities vary- 
ing from 5 to 10 milliequiv. of Nat per gram of resin, 
the capacities actually observed in quantitative 
studies range from 0.3 to 5 milliequiv. of Nat 
per gram of resin.*-6 

There is some controversy on the ability of cat- 
ion-exchange resins to extract endogenous sodium 
from extracellular fluid into the intestinal contents. 

Some workers believe® 7 that this is indeed pos- 
sible, whereas others*-5: * are of the opinion that 
endogenous sodium does not combine with cation- 
exchange resin in the intestinal tract and that all 
the Nat so removed in the feces is of exogenous, 
dietary origin. 

The present investigation was undertaken to 
clarify this problem by metabolic studies using 
resins at very low levels of sodium intake. 

The response of 13 patients with edema to cation- 
resin therapy was studied, and an attempt was made 


*From the Department of Medicine, Tufts College Medical School, and 
the Clinical Research Laboratories, Jewish Memorial Hospital. 

This study was completed under a Damon Runyon Clinical Research 
Fellowship recommended by the Committee on Growth of the National 
Research Council and administered by the American Cancer Society, 
Incorporated. The resins used in this study were obtained from Winthrop- 
Stearns, Inc., through the kindness of Mr. S. M. Crain. 

This study was supported, in part, by a grant-in-aid of the United 
States Public Health Service, National Institutes of Health, National 
Cancer Institute, Bethesda, Maryland. 

fInstructor in medicine, Tufts College Medical School; assistant in 
— Boston University School of Medicine; Damon Runyon Research 
ellow. 





to employ cation-exchange resins to prevent fluid 
retention in patients receiving ACTH. 


MEtHopDs 
Cation Exchange Resins 

WIN 3000, an ammonium-exchange resin of sulfon- 
ic acid type, was used in most cases. It is a tasteless 
powder with granules of 20 to 40 mesh size, stated 
to have an adsorption capacity of 4.6 milliequiv. of 
Nat per gram of resin. It was found by chemical 
analysis in our laboratory to contain 0.13 milliequiv. 
of Nat per gram of resin. 

WIN 3000K is the same cation-exchange resin 
fortified with approximately 1.0 milliequiv. of 
Kt per gram of resin. This was found by chemical 
analysis to contain 0.2 milliequiv. of Nat per gram 
of resin. 

Unless otherwise stated, daily doses of 60 gm. in 
three equal portions were used. 

Metabolic Studies in Normal Subjects 

Two normal healthy volunteers, S.S., a twenty- 
five-year-old man, and D. M., a twenty-three-year- 
old woman, were placed on a metabolic regime for 
twelve days. The diet was intended to have as 
low a sodium content as possible. Three diets were 
computedf and used in a rotating fashion on sub- 
sequent days. The highest dietary sodium content 
was 8.7 milliequiv., and the variation between the 
three diets was less than 2 milliequiv. The study 
was complicated by the fact that upon its com- 


tDietary sodium and potassium figures were obtained from an article by 
Bills, McDonald, Neidermeier and Schwartz,® of the Research Laboratory, 


Mead Johnson & Co., Evansville, Indiana. A sample diet which included | 


daily totals of 312 gm. of carbohydrate, 70.5 gm. of protein, 45 gm. of 
fat, 6.9 milliequiv. of sodium and 112.9. of potassium, is as follows: 














Protein Fat Na _K 
Breakfast: weight microgm. microgm. 
reer eT 10 0.09 10.00 
DFARSC TRICE 24. 2 60 cs ccise ss 6 oz. 0.54 306.00 
_,. SSSR Seer 10 0.03 0.05 
Butter (salt free) .......... 10 0.50 0.40 
Bread (salt free) ........... 60 16.80 72.00 
Se a eer l cup 6.60 47600 
OE goss seas ‘ 1.05 11.70 
RSOMBR Ns awics tease sane 180 0.10 .00 
Dinner: 
ge err 60 30.60 216.00 
oo eee ae 0.80 410.00 
LO rere: | 0.60 200.00 
PEPONDEEE coco cacccccseses TOD 2.00 100.00 
Bread (salt free) ........... 16.80 7200 
Tangerine juice ........... 180 .08 306.00 
MME Se etvis wesc je mio siaws Nes suse 10 0.03 005 
RNS Hons ie Nise sca Wea Sonne 15 1.05 11.70 
ea 180 0.04 18.00 
Supper: 
EEE OCCT eEeT ee 180 1.80 216.00 
Eggs (edible portion) ...... 50 40.50 50.00 
Bread (salt free) ........... 60 16.80 72.00 
Butter (salt free) .......... 20 1.00 0.80 
Cucumber ........ i mae 0.23 57.50 
Radishes ......... <a. eae 2.25 65.00 
Eee - oe 0.03 0.05 
MBB 66.516 s.22<:0:0-6 Sa eie 14% cup 9.90 714.00 
Sa ere 0 0.30 48.00 
Fresh tomatoes ............ 100 3.00 230.00 
Apricots ...... ce? ae 2.00 65.00 
Marmalade . ee 2.60 3.80 
NE vo ricer occa oninc wis eines 180 0.10 80.00 
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pletion, chemical analysis revealed that the resin 
contained the amounts of sodium stated above. 
Unintentionally, therefore, the sodium intake was 


$.s. 6 


— CONTROL CONTROL Win 3000 Win 3000 





80 








INTAKE 6.9 Meq 
IN DIETS7.8 








te) 
SERUM No* 139 Meq 141 Meq 138 Meq 





POTASSIUM 
Meq 





INTAKE 2.9 Meq IN DIET 











Mv RRR 


° 
serum Kt = 4.5 Meq 46 meq 3.7 meq 
Ficure 1. Sodium (Top) and Potassium (Bottom) Balance 

Studies in S.S., a Healthy Volunteer. 
The data are plotted as follows: intc:e from zero line upward 
to “intake line,” output from zero line upward, fecal values 
crosshatched from right lower corner to left upper corner, and 
urine values in double crosshatch. Excretion values reaching 
upward beyond “‘intake line’’ therefore represent negative balance, 
the white space under “intake line’’ corresponding to positive 
balance. Analytical periods are 3 days in length. 


higher during resin administration than during the 
control period by 7.8 and 12 milliequiv per day. 

The potassium intake was maintained constant 
throughout the experiment, KCl being used as a 
potassium supplement and the total potassium 
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iy 


5) 

content of the diet being maintained at 113 mill, 

equiv. per day. ' 
D.M. received WIN 3000K during the last six 
days of the study, a total potassium intake in this 
particular case of 169 milliequiv. during the period 
of resin administration. Stools and urines were 
collected in twenty-four-hour periods, and the 


D.m. ¢ 
SODIUM 


Meq 
50-4 


CONTROL CONTROL Win3J000K Win3000K 

















141 Meq 


° 
SERUM No 139 Meq 141 Meq 127 Meq 


POTASSIUM 
Meq T 
180 INTAKE 112.9 Meq 
IN DIET,*56 Meg IN RESIN 











160 


f IN DIET 
140 INTAKE 112.9 Meq E 


120 





100 
80 
60 
40 


20 


° 
serum Kt 4.5 Meq 4.6 Meq 3.7 Meq CONTAMINATED 


Figure 2. Sodium (Top) and Potassium (Bottom) Balance 
Studies in D.M., a Healthy Volunteer (the Method of Charting 
Is the Same as That Used in Fig. 1). 


specimens were pooled in three-day periods for 
analysis. The resin itself served as a marker of the 
stools, and data obtained on all stools containing 
this material were included in the therapeutic period. 

Serum, urine and stool analyses for Na+ and K* 
were done with the use of the Barclay flame photom- 
eter. Aliquots of homogenized specimens of feces 
were dried and ashed in a muffle furnace overnight 
at 500°C. The ash was dissolved in dilute hydro- 
chloric acid and diluted to 100 cc. with distilled 
water. The filtrate of this solution was tested 
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for Nat and Kt. The precipitate and filter paper 
were again ashed in the muffle furnace, and the 
same procedure repeated. The total amounts of 
Nat or K+ were expressed in milliequivalents. 


Clinical Studies on Water Retention 


Four patients with hypertensive arteriosclerotic 
heart disease, 3 patients with arteriosclerotic heart 
disease, 1 patient with Laénnec’s cirrhosis, 1 pa- 
tient with carcinomatosis of the peritoneum and 1 
with heart disease due to myxedema, all with 
varying degrees of fluid retention, were given 60 
em. of WIN 3000 daily for from three to eleven 
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cally treated as rheumatic myocarditis, received 
100 mg. ACTH Armour intramuscularly for twenty- 
six days. He was also given 60 gm. of WIN 3000 
a day in an effort to prevent sodium retention. 
Serum sodium and potassium values were measured 
at regular intervals. 

A twenty-six-year-old woman with rheumatoid 
arthritis, receiving 100 mg. ACTH Armour intra- 
muscularly each day for sixteen days was given 
WIN 3000 for eight days in 60-gm.-a-day doses. 
Serum sodium and potassium values were followed. 

Another patient, a sixty-year-old woman with 
rheumatoid arthritis, received 100 mg. of ACTH 








days. These were all hospital patients, and when- Armour and 60 gm. of WIN 3000 daily for three 
TaB_e 1. Results Obtained in a Clinical Study on the Prevention of Water Retention by Ion-Exchange Resins. 
Patient AcE Diacnosis Decree or EpEeMa Periop or ReEsuLTs WEIGHT WEIGRT 
ESIN BEFORE AFTER 
THERAPY TuHerapy THERAPY 
yr. days 1b, lb. 
Hospital patients: 
R. K. 61 = Arteriosclerotic heart disease +++ (pulmonary) Good Could not be weighed 
A. S. 53 Carcinoma of sigmoid +++ (peripheral) 6 Good 144 130 
M. W. 74 = Arteriosclerotic heart disease ++ (pulmonary) 3 Good 114 106 
J. R. Hypertension and arteriosclerotic heart disease ++++ (peripheral) 10 Good 228 202 
Jj. S. 61 = Arteriosclerotic heart disease +++ (peripheral) 7 Good 124 114 
S.C. 80 Hypertension and arteriosclerotic heart disease +++ (peripheral) 11 Good 98 8 
J. P. 68 Hypertension and arteriosclerotic heart disease +++ (peripheral) 10 0 148 155 
A. G. 66 Myxedema and heart disease .............. +++-+ (peripheral) 10 0 179 176 
H. F. 58  Laénnec’s cirrhosis +++ (ascites) 5 0 178 176 
M. S. 59 Hypertension and arteriosclerotic heart disease ++ (peripheral) 10 0 166 164 
Home patients: 
E. M. 64  Arteriosclerotic heart disease +++-+ (peripheral) 6 Excellent 134 110 
G. P. 58 Hypertension and arteriosclerotic heart disease +++ (pulmonary) 11 Good 189 178 
. : nate es i ++-+-+ (peripheral) 
N. P. 72 Hypertension and arteriosclerotic heart disease -+-+ (pulmonary) 10 0 136 137 


+ (peripheral) 





*After resin therapy, mercury was again effective in maintaining the basic weight in these patients. 


ever possible, physical examinations, serum Na* and 
Kt determinations were done at regular intervals 
and weights and urine outputs were followed daily. 
Five patients received a mercurial parenterally each 
day for one to twenty-six days immediately after 
the resin period. In patients who responded well, 
the resin treatment was continued until their weight 
was stabilized. In the majority of these clinical 
studies a low (3 to 6 gm. of NaCl per day) diet was 
- Maintained. 

Two patients with hypertensive arteriosclerotic 
heart disease and 1 patient with arteriosclerotic 
heart disease were given 60 gm. of WIN 3000 daily 
while at home. Two of these patients were on a 
low-salt Lonalac diet, and 1 on a diet of 6 gm. of 
salt a day. They were treated with ion-exchange 
resin for six to eleven days, and physical examina- 
tions, daily weights and urinary outputs were fol- 
lowed whenever possible. 


Prevention of Nat and Water Retention in Patients 
Receiving ACTH 

One patient, a twenty-one-year-old man, with 

nonspecific myocarditis proved at autopsy but clini- 


days. Therapy was discontinued because of acute 
onset of Ludwig’s angina. Serum sodium and po- 
tassium values were followed. 

A forty-seven-year-old woman, with rheumatoid 
arthritis was given 10 mg. of ACTH Armour per 
day for seven days by continuous intravenous 
infusion through a polyethylene tubing.!° Twenty 
milliequiv. of KCl was added to the intravenous 
solution of 5 per cent dextrose in water, and 2 gm. 
KCI (enteric coated) was given by mouth. Signs 
of edema formation and Cushing’s facies were 
watched for closely and recorded. After a two- 
week interval without therapy, the seven-day course 
of ACTH was repeated and 60 gm. of WIN 3000 
per day was also given. After another two-week 
interval without therapy, the seven-day course of 
ACTH alone was repeated. After a two-week rest 
period another seven-day course of ACTH sup- 
plemented by WIN 3000 was given with 40 milli- 
equiv. of KCl being added to the intravenous fluid 
and 4 gm. of KCI (enteric coated) being taken by 
mouth. Serum sodium and potassium values were 
followed throughout the study. 
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REsuLTs 
Metabolic Studies in Normal Subjects 


The data on sodium and potassium balances are 
presented in Figures 1 and 2. The sodium data 
show that when subjects are placed on a low-sodium 
diet the excretion of sodium in urine and feces is 
greatly reduced, as expected. S.S. reached sodium 
balance by the second three-day period, and D. M. 
was by that time in slightly negative balance. The 
addition of WIN 3000 or WIN 3000 K produced a 
rapid and marked reduction of sodium excreted in 
the urine, in spite of the fact that (inadvertently, as 
explained above) the sodium ration was increased. 





ELECTROLYTE-BALANCE STUDIES — BONNER 161 


significant weight loss, ranging from 8 Ib. in three 
days to 26 Ib. in ten days and amounting to 0.8 Ib. 
per day to 4 lb. per day of resin therapy. In 5 
cases mercurials were given after resin treatment 
and resulted in a further weight loss ranging from 
4 to 50 lb. and averaging 20 Ib. Three of these pa- 
tients, who had no longer responded to mercurials 
before receiving resin, again responded to mer- 
curials after resin therapy. 

In 5 of the 8 cases responding to resin, stabiliza- 
tion of weight was reached with resin alone. The 
effect of the low-sodium diets alone was controlled 
by the fact that all patients had been on such 


TaB.eE 1. (Concluded.) 








Duration oF WEIGHT DEGREE OF Serum Serum 
MERCURIAL AFTER Finau Sopium Sopium 
Tserapy Mercuriats’ Improve- BEFORE AFTER 
AFTER ReEsIN MENT THERAPY THERAPY 
days lb, milliequiv.| milliequto. | 
liter liter 
7 Goo 132 129 
_ — +++ 135 se 
== = Sra sen 134 130 
12 152 a es Pos 141 148 
1 107 oP 142 139 
1 84 +44 136 141 
3 145 ++ 149 147 
26 148 Se a 141 133 
— -- 0 130 -— 
—_ 0 136 _ 
™ a go ee eo = = 
> = +++ 135 — 
= bee 0 = aes 


SeRuM SERuM Remarks 
Potassium Porassium 
BEFORE AFTER 
“THERAPY THERAPY 
milliequiv.|  milliequiv.] 
liter liter 
4.7 35 Diet of 3 gm. of NaCl per day; dyspnea at 
rest before treatment; 1 3000 K given. 
4.9 _ Diet of 3 gm. of NaCl per day 
—_ ad Diet of 3 gm. of NaCl per day 
5.3 | Fe § Rice diet 
5.1 2.4 Diet of 3 gm. of NaCl per day 
4.4 4.5 Diet of 3 gm. of NaCl per day 
5.4 5.2 Mercurial before resin successful 
Sok 4.2 Mercurial before resin unsuccessful 
ae — Patient refused medication; nausea and 
vomiting. 
4.2 —- Deceased 


Low NaCl Lonalac diet; mercurial before 
resin unsuccessful. 

Low NaCl Lonalac diet; mercurial before 
resin unsuccessful. 

Diet of 6-8 gm. NaCl per day 





A negative sodium balance occurred in both cases 
in the second three-day period of resin therapy, 
owing to a markedly increased loss of sodium in 
the feces. The serum sodium levels remained essen- 
tially unchanged, except for a single value of 129 
milliequiv. of sodium observed at the end of resin 
therapy in D. M. 

The data on potassiums show that in S.S., on a 
constant level of potassium intake, a negative 
potassium balance developed during resin adminis- 
tration, because of a marked fecal loss of potassium 
and in spite of concomitant reduction of potassium 
excreted in the urine. A similar reduction of urine 
potassium, with marked increase of fecal potassium, 
was seen when D. M. received WIN 3000 K, but 
the balance data indicate that the added potassium 
contained in this resin is sufficient to prevent nega- 
tive balance with potassium loss. 

The serum potassium concentration fluctuated 
within normal limits. Both subjects lost 10 Ib. in 
weight during this study. 


Clinical Studies on Water Retention 


The data are presented in Table 1. In 8 of 13 
treated patients the addition of resin resulted in a 





regimens for long periods before the cation-exchange 
resins were given. 

The reasons for the failure of resin therapy in 5 
cases are not obvious. It may, however, be sig- 
nificant that 4 of these patients were discovered at 
one time or another during therapy to be surrep- 
titiously supplementing their sodium intake by avail- 
ing themselves of salt. 


Prevention of Sodium and Water Retention in Pa- 
tients Receiving ACTH 


No water retention occurred in the 3 patients 
receiving ACTH accompanied by cation-exchange 
resin. Marked decreases of serum potassium — 
to 2.7 milliequiv. per liter were observed in all pa- 
tients. In 1 patient this occurred within three days, 
in another in eight days, and in a third only after 
twenty-six days. In the fourth patient edema, 
Cushing’s facies, hypertension and severe head- 
aches developed after seven days of ACTH therapy 
intravenously. With added parenteral and oral 
potassium therapy, the serum potassium level 
decreased from 5.7 to 3.7 milliequiv. per liter. 
During the second seven-day course of ACTH, 
when she also received resin, no edema, Cushing’s 
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facies or hypertension developed. However, the 
serum potassium level fell from 4.2 to 1.9 milli- 
equiv. per liter in this period, and positive electro- 
cardiographic findings were recorded (Fig. 3). This 
occurred in spite of additional potassium therapy 
as outlined above. In the third seven-day course 
of ACTH alone, edema, Cushing’s facies and hyper- 
tension with pounding headaches again developed. 
The serum potassium level fell from 4.2 to 4.0 
milliequiv. per liter. During the fourth seven-day 
course, which included ACTH once more supple- 
mented by resin, no edema occurred, but the pa- 
tient had an early Cushing’s facies without hyper- 
tension or headache. Despite the fact that the 
intravenous and oral potassium intake was doubled 





















































dad ted Fase pas it SEE Birks 4 
Ficure 3. Electrocardiogram of Hypokalemia After Ion- 
Exchange Resin Therapy. 


Note depression of ST segments, inversion of T waves and 
prominent U waves. 


during this last course, the serum levels still de- 
creased from 5.1 to 1.7 milliequiv. per liter. All 
four courses of ACTH therapy gave equally good 
clinical responses. 


Discussion 


The observations made in metabolic studies con- 
firm the fact that a rapid withdrawal of sodium 
from the intestinal tract occurs when cation- 
exchange resins are ingested and indicate that a 
negative sodium balance can be obtained by loss 
from the gastrointestinal tract in persons who 
are placed on a diet sufficiently low in sodium. 

The fact that the resins used in this study con- 
tained significant amounts of sodium calls for their 
chemical analysis before the resins are used in bal- 
ance work. As much as 12 milliequiv. of sodium 
can be given inadvertently in a 60-gm. dose of 
some of the resins that we have analyzed. 

It appears from the single case studied that the 
potassium contained in WIN 3000 K may be suffi- 
cient to offset the fecal potassium loss that occurs 
with this resin and thus may prevent a negative 
potassium balance. 

In contrast, patients receiving ion-exchange resins 
to prevent Na and water retention while ACTH 
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was given invariably showed marked drops of the 
serum K_ concentration. Although the resins 
afforded protection against edema during ACTH 
therapy, this is an impractical method since a large 
potassium supplement could not prevent hypo- 
kalemia. 

The mild degree of hypokalemia seen in some of 
the edematous patients (apart from those receiv- 
ing ACTH) does not preclude the use of resins in 
short-term therapy of sodium retention. They were 
most useful in rendering mercurials once more 
effective in some cases that had become resistant 
to mercury diuresis. 

It is believed that the failure of cation-exchange 
resins to cause a diuresis in this series may be at- 
tributed to illicit salt supplementation by unco- 
operative patients, suggesting that the resins used 
in this study are not effective unless the sodium 
intake is reasonably low. 

Since most patients preferred low-sodium diets 
alone to resin therapy, the practical usefulness of 
cation-exchange resins seems to be limited. Their 
special indication is in cases of edema when low- 
sodium diets and mercurials alone are no longer 
effective. They also seem a useful tool to enhance 
the effects of mercurial diuretics by pretreatment 
with the resin. 


SUMMARY 


Metabolic studies in healthy volunteers receiv- 
ing cation-exchange resins indicated that on a suffi- 
ciently low-sodium intake a negative sodium balance 
may be obtained by marked increase of fecal sodium 
loss. The potassium loss was prevented by po- 
tassium supplements. 

Although it was possible to reduce sodium and 
water retention in patients receiving ACTH by 
simultaneous administration of cation-exchange 
resins, the marked hypokalemia that occurred in 
spite of potassium supplements precluded the prac- 
tical use of resins for this purpose. 

In patients with edema, ion-exchange resins were 
most effective when the sodium intake was low. 
They seemed to enhance mercurial diuresis, and 
rendered patients again responsive to mercury who 
had previously become refractory. 


We are deeply indebted to the Fifth and Sixth Medical 
Services, Boston City Hospital, for co-operation; to Mr. 
Sumner Shapiro and Miss Drusilla Monroe for volunteering 
in the metabolic studies, and to Mrs. Dorothy Young and 
Mrs. Barbara Ridge for their technical assistance. 
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THE MANAGEMENT OF BRONCHIAL ASTHMA* 


H. Bernarp Titiman, M.D.j 


SPRINGFIELD, MASSACHUSETTS 


HE problem of chronic asthma can be trying 

to the patient and his family as well as to the 
physician. All too often, there is an atmosphere of 
discouragement and despondency on the part of 
the person who has gone from one physician to 
another, received all kinds of drugs designed to 
give symptomatic relief, only to find that each new 
preparation may work for a time, and then fails to 
relieve his symptoms. To add to the gloomy picture, 
he is often told by the physician, who means to be 
honest with his patient, that he has an incurable 
disease that he must learn to live with. 

Nothing could be farther from the truth. Ad- 
mittedly, the patient with long-standing asthma 
in whom advanced emphysema, bronchitis and 
sometimes bronchiectasis have developed has at- 
tained the stage of irreversible anatomic changes 
for which the prognosis is poor, but these patients 
are crippled by the structural changes, and are no 
longer as responsive to allergic treatment. It is my 
purpose to outline a plan of management for asth- 
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ma that will prevent, so far as possible, these 
crippling complications of the disease. It must be 
emphasized that the mere alleviation of symptoms 
with the conventional drugs, including the newer 
agents cortisone and adrenocorticotrophic hormone 
(ACTH), is inadequate treatment because symp- 
tomatic treatment will not prevent the very com- 
plications that frequently lead to intractable asthma. 

The first contact of the physician with a new 
asthmatic patient is apt to be in an attack. The 
patient is dyspneic, often apprehensive, and seeks 
relief. Certainly, the prompt alleviation of the air 
hunger with the conventional symptomatic drugs 
is indicated. Everyone is familiar with ephedrine 
by mouth, epinephrine by subcutaneous injection 
or by aerosol, and aminophylline intravenously or 
rectally; the many proprietary preparations con- 
taining ephedrine or its derivatives are well known. 
In the use of aerosols, a good nebulizer, such as the 
DeVilbiss No. 40 or Vaponephrin, is necessary, since 
particle size is important for good results. In ad- 
dition to epinephrine in a 1:100 solution, aludrine is 
valuable, either in 0.25 per cent solution as it occurs 
in Aerolin Compound, or as 0.5 per cent solution a» 
in Iusprel. This drug may also be used as sublingual 
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tablets. Aminophylline is best given intravenously 
very slowly, a full ten minutes by the clock for the 
injection of 20 cc. being required. For self-adminis- 
tration, the patient may be given rectal supposi- 
tories or, preferably, a powder containing 0.6 gm. 
(10 gr.), which may be dissolved in 30 cc. (1 oz.) 
of water for rectal instillation. I have not had good 
luck with Orthoxine or Eskel. The antihistaminic 
drugs by mouth have been disappointing except 
sometimes in children. However, better results are 
often obtained with the intravenous route, by the 
use of 10 to 50 mg. of Benadryl slowly'; Brown,? 
of Boston, has advocated 5 per cent ethyl alcohol 
in 5 per cent glucose in physiologic saline solution, 
and to this mixture may be added aminophylline. 

The more severe status asthmaticus is best treated 
in the hospital, the emotional turmoil of home, as 
well as the various dusts and other allergens in the 
home environment being avoided. The sick room 
should be free from upholstered furniture, rugs, 
draperies and other dust-collecting items, and 
ideally should have a dust filter. Foam-rubber 
pillows and mattresses are preferred, but allergen- 
proof encasings may be suitable. 

The importance of expectorants must be empha- 
sized, since tenacious mucous plugs in the bronchial 
tree may aggravate the dyspnea. Potassium iodide 
is the best drug for this purpose, provided there is 
no iodide sensitivity. In the latter event, other 
expectorants such as ipecac, ammonium chloride 
and elixir terpin hydrate may be used. Frequently, 
these patients are dehydrated, and fluids must be 
administered intravenously. 

The cyanotic patient may require oxygen. In 
this hospital helium, which is expensive and in my 
opinion of doubtful value, is not used. It must be 
remembered, however, that oxygen in emphysema 
is a two-edged sword, and its overuse may be dan- 
gerous. The respiratory center in the medulla of 
the emphysematous patient is relatively insensitive 
to carbon dioxide so that this method of respiratory 
control is lost. In its place is substituted the re- 
sponse of the aortic and carotid bodies to anoxia 
that then, through the respiratory center, takes 
over control of breathing. It is therefore obvious 
that long-continued use of concentrated oxygen can 
result in respiratory failure and death. Intermit- 
tent use of oxygen for cyanosis is preferable. With 
nasal catheters one need not worry about too great 
a concentration of oxygen, but when masks are 
used this possibility must be watched for. 

ACTH and cortisone are reserved for emergencies. 
They should be recognized for what they are — 
effective drugs, but nevertheless providing only 
temporary symptomatic relief, with return of 
asthma when the drugs are withdrawn. Cortisone 
has the advantage of being effective by mouth and 
is therefore more suitable for use at home. In the 
hospital, ACTH may be given intravenously, which 
is advantageous in that 25 mg. in distilled water 
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by slow drip daily over an eight-hour period is-ap- 
proximately equivalent to 100 mg. intramuscularly. 
This is a welcome saving in the use of these ex- 
pensive materials. The precautions in administra- 
tion of these hormones have been discussed on 
many occasions and need not be repeated here. 
Sedatives are frequently of great value to appre- 
hensive patients in a paroxysm. However, seda- 
tives must be used with caution because of their 
tendency to depress respiration. It must be re- 
membered that oversedation remains a major cause 
of death in asthmatic paroxysm. This is particularly 
true of the opiates, and for this reason morphine 
should never be used under any circumstances. 
Demerol, in 100-mg. doses, may be administered 
cautiously if needed. However, barbiturates are 
preferable, but overuse of these drugs is also not 
without danger. Unger, of Chicago, has recom- 
mended Benadryl for its sedative effect, and I have 
used it to great advantage. Ether in oil rectally is 
also a satisfactory sedative and has the additional 
advantage of providing an expectorant action 
from the ether vapors. Paraldehyde in oil has also 


been used by rectum satisfactorily for this purpose. — 


Having relieved the patient of his acute symp- 
toms, the conscientious physician must plan a 
long-range program of treatment. Up to this point, 
asthma is generally treated with skill by the average 
clinician, but it is highly regrettable that so many 
patients are dismissed when breathing returns to 
normal, and are not seen again until the next at- 
tack appears. At times, this is the fault of the pa- 
tient, but the busy physician too frequently neg- 
lects to explain the need for more definitive treat- 
ment of the disease on the basis of etiology. The 
layman confuses symptomatic relief with treatment; 
there is no excuse for the physician to fall into this 
error, lest his patient go on to the crippling stage of 
advanced emphysema and intractable asthma. 


Diacnosis 


What, then, should the program of treatment be? 
This requires an accurate etiologic diagnosis, on 
which the success of treatment depends. To this 
end, the history provides the most valuable aid. 
The seasonal incidence may point to certain pollens 
or molds. Aggravation of symptoms out of doors, 
especially on dry days, speaks for pollens, whereas 
symptoms in damp weather suggest mold allergy. 
The relation to occupational dusts or house dust 
may be of the utmost importance, and the patient 
who is worse indoors is apt to be sensitive to dust, 
especially if he is worse in winter when windows 
are closed. The patient who wheezes when pillows 
are fluffed may have a feather sensitivity, the one 
whose symptoms are aggravated by cosmetics may 
have orris-root allergy, and the one who has trouble 
with use of insecticides is probably sensitive to 
pyrethrum. The relation to foods, drugs, animal 
hairs or respiratory infections may provide valu- 
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able information. The filling of the mattress, pil- 
lows, upholstered furniture, stuffed animal toys, 
the type of heating system, and the presence of 
pets or farm animals or poultry must be determined 
for each patient. Rug mats are often made of 
cattle hair, and horsehair pillows are common in 
many homes. The family and past histories help 
establish the allergic status. 

Physical examination is important not only in 
differential diagnosis but also in disclosing foci of 
infection, especially in the respiratory tract. The 
tonsils in children and the sinuses and teeth in 
adults are common causes of the infective type of 
asthma. X-ray study of the chest and sinuses should 
be routine in all asthmatic patients. Other routine 
laboratory procedures such as urine and blood counts 
are part of a good medical workup. 

Skin tests continue to be the backbone of the 
allergic study. These tests are not infallible, but, 
carefully carried out and properly interpreted, they 
are of invaluable aid in an etiologic diagnosis. Like 
any laboratory procedure, the tests have their 
limitations, with which one must be familiar. They 
may be carried out by a technician if desired, but 
interpretation should be made only by the clinician 
who is familiar with the history. Time does not 
permit elaborating on the causes of false-positive 
and false-negative tests, but one must recognize 
that these exist. Positive tests that are not cor- 
roborated by history should be discarded, whereas 
a clear-cut history of sensitivity to an allergen is 
adequate evidence of allergy without the skin test. 
In fact, such a test may provoke a constitutional 
reaction of dangerous proportions. Preliminary 
scratch testing, or intracutaneous testing with weak 
solutions, will prevent constitutional reactions, 
but no method replaces a carefully taken history. 
On the other hand, overemphasis of a large number 
of reactions in a highly reactive skin is also mis- 
leading, and may confuse the beginner. There is 
no more pathetic person than the patient who has 
been deprived of a large number of foods simply 
because of poorly interpreted skin tests, sometimes 
resulting in nutritional deficiencies, loss of weight, 
avitaminosis or anemia. Unless symptoms can be 
provoked by ingestion of the foods in question, or 
on exposure to the inhalant allergens, sensitivity 
has not been proved by the mere demonstration of 
a cutaneous reaction. Those who fail to understand 
these aspects of skin-test interpretation are likely 
to be disappointed and are the first to look with 
disdain on this valuable diagnostic aid. Herein lies 
the difference between a mere technician, who 
objectively reports his findings as he sees them, and 
the critical clinician, who must assess the signifi- 
cance of these findings, as he must in any laboratory 
procedure. 
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Speciric TREATMENT 


Unquestionably, the best treatment consists of 
removing the cause. When evidence of sensitivity 
to dog hair exists, removal of the pet is the only 
logical answer, and no compromise is acceptable. 
When there is feather sensitivity, pillows should 
be replaced with foam rubber, or covered with 
material impervious to dust. In the presence of 
dust sensitivity, patients should be instructed on 
the methods of minimizing exposure to dust. Dry 
dusting and dry sweeping are prohibited, the vacuum 
cleaner with its attachments being used for house 
cleaning. The bedroom is given particular atten- 
tion because of the prolonged uninterrupted stretch 
of time that this room is occupied. Clothes that 
are not currently worn, because they are out of 
season, out of style, worn out or merely discarded 
should not be stored in the bedroom closets or bureau 
drawers. There should be no rugs on the floor or 
draperies at the windows. Washable scatter rugs, 
curtains and bedspreads are permitted if washed 
frequently. Linoleum on the floor is permitted. ° 
Thorough and frequent cleaning of walls and furni- 
ture is necessary. Upholstered furniture must be 
removed. 

Unfortunately, however, many allergens are not 
easily avoided. Very few indeed are the patients 
who can uproot themselves to move away to pollen- 
free areas. Nor is all exposure to molds or house 
dust completely avoidable, even with careful dust 
precautions. It is in these circumstances that 
hyposensitizing injections are used, with careful 
selection of the dominant allergens and omission of 
the large number of minor allergens that would 
only dilute the major ones while contributing little 
to the ultimate clinical result. Poor antigens are 
omitted, whereas highly potent antigens such as 
glue and cottonseed are much too dangerous for 
injection therapy. 

Infective asthma often responds to antibiotic 
therapy for a time, especially in acute episodes, 
but in the long run one must seek out and eradicate 
foci of infection. Removal of tonsils or nasal polyps 
when indicated is often of great value, and sinus 
surgery may be necessary at times to correct a 
chronic purulent sinusitis. Autogenous vaccines, 
prepared from tissue removed surgically, sinus 
washings or sputum, are frequently of great value, 
and in some patients, the use of a stock vaccine 
may be satisfactory if material for autogenous vac- 
cine is not available. This type of asthma is a large 
subject by itself, but time will not permit further 
elaboration here. 

Many of the more debatable aspects of the treat- 
ment of asthma, including x-ray therapy, radium 
seeds instilled intranasally, surgical denervation of 
the lungs, pyrogens, nonspecific foreign-protein 
therapy, and fever therapy have been deliberately 
omitted. However, no discussion of asthma would 
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be complete without mention of the psychosomatic 
aspects of the disease. Psychotherapy plays a 
major role in treatment of this malady, and the 
physician who fails to take it into account will 
fail, however careful his allergic studies may be. 
One must appreciate the emotional turmoil of the 
person whose life, as well as that of his family, is 
disrupted by the everlasting fears of an attack 
coming at an inopportune moment of business or 
social activity. Even worse is the discouragement 
when certain symptomatic drugs fail to give relief, 
and the fear of impending death in an attack from 
a supposedly incurable disease creates an intense 
emotional situation. Furthermore, it is the ex- 
perience of all who have ever treated bronchial 
asthma that emotional crises from any source, 
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whether it be business worries, social relations, con- 
cern over one’s family, or any other source, often pre- 
cipitate an attack. The physician who treats 
bronchial asthma must never become so scientific 
as to forget that his patient is human, with his 
complement of loves, fears, anxieties, hostilities 
and guilt complexes. A sympathetic approach by 
an understanding physician will reap great rewards. 
115 State Street 
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MEDICAL PROGRESS 
A REVIEW OF CLINICAL BALLISTOCARDIOGRAPHY 
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ALLISTOCARDIOGRAPHY deals with the 
movements of the body that result from car- 
diac systole and the subsequent circulation of the 
blood mass through the vascular tree. At present, 
much of the mechanics of this field is incompletely 
understood and awaits further investigation; never- 
theless, clinical application is now possible. With 
proper reservations, extraordinarily useful diag- 
’ nostic and prognostic information can be obtained. 
‘The clinical method is quite simple, the test causes 
no discomfort to the patient, the apparatus is not 
expensive, and the interpretation of the tracings is 
not difficult. It is likely that clinical use will soon 
become widespread, and the science of ballisto- 
cardiography may assume a position parallel to 
electrocardiography in popularity and usefulness. 


HisTory 


In 1877 Gordon! first described his method for the 
graphic recording of the body movements produced 
by the circulation of the blood. Subsequently, Hen- 
derson,? Heald and Tucker,’ Augenheister* and 
Abramson! reported on their investigations of these 
movements. However, it was not until 1936, when 
Starr® set out on his meticulous studies, that the 
modern clinical era of ballistocardiography began. 
It is to Starr that the credit belongs for the accum- 
ulation of physiologic and clinical data that brought 
about the current interest in this science. The 
simple recording devices described by Dock and 
Taubman’ have made possible the application of 
ballistocardiography both to routine clinical use 
and to widespread investigation. 
at of medicine, United States Air Force Hospital, March Air Force 





MetHops 


In general, two types of apparatus for the re- 
cording of the ballistocardiographic movements 
have been developed: those that measure the move- 
ments of various specially designed tables, which 
swing more or less freely with the vibrations of the 
body,®: ® and those that measure directly the oscil- 
lations of the body lying on a rigid, immobile sur- 
face.? Since this review deals primarily with the 
practical application of ballistocardiography in the 
clinic, the details of the former types of devices are 
not considered. Their general features have been 
well described in an excellent review by Turner.?° 

The simple recording devices of Dock and Taub- 
man promise quickly to bring the field to the realm 
of the practicing physician. As Dock et al.” point 
out, the suspended-table type of ballistocardio- 
graph is too bulky for routine clinical use. 
Dock’s methods are based on the fact that when 
the body lies on a smooth, solid surface, it glides 
back and forth on the viscous subcutaneous tissues 
with each cardiac and respiratory cycle. He has 
evolved three different recording technics, all of 
which produce graphs of remarkable similarity to 
those of the specially designed cumbersome tables. 
One method employs an occulting strip (housed on 
a cross piece attached to the shins), which casts a 
moving shadow across a light focused on a photo- 
cell. Another, a sphygmographic method, merely 
uses a pulse-recording device, which is placed against 
the head. His last development appears to be the 
simplest, least expensive and most dependable. 
This instrument, an electromagnetic pickup, con- 
sists merely of two small copper electric generating 















1952 


con- 

pre- 
reats 
tific 
| his 
ities 
1 by 
rds, 


Segal, 
Minic 

Med. 
status 


»:782, 


nts 
ve- 
ich 
the 
cil- 
ur- 
the 
the 


int 


as 








Vol. 247 No. 5 


coils in the shin housing, between which a flat fixed 
magnet is placed." In all these pickup devices the 
recording is done on any amplifying-recording ap- 
paratus, such as the standard electrocardiograph 


~machine. 


BALLISTOCARDIOGRAPHIC CURVES 


The significance of the various ballistocardio- 
graphic waves has been carefully studied both by 
Starr and his co-workers and by Hamilton and 
his associates.!* Their investigations have shed light 
on the relation of the ballistic waves to the events 
of the cardiac cycle and the circulation of the blood 
through the great vessels. The ballistocardiographic 
pattern consists of a sequence of prominent waves 
occurring during different phases of cardiac systole, 
followed by a series of ordinarily smaller waves con- 
comitant with diastole. The waves result from 
recoil from ventricular ejection, causing the body 
to move footward, and from impact of the blood 
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the concurrence of deceleration of the main mass 


of blood as it moves down the aorta, the aortic %, 


after-fling and the impact on the smaller vessels. 

The origin of the diastolic waves remains some- 
what obscure. There is evidence that they may 
represent specific events in the circulation of 
the blood mass; however, other experimental 
data indicate that they are merely due to the 
oscillatory after-vibrations of the body set in mo- 
tion by the forces during systole, | 


CHARACTERISTICS OF NorMAL BALLISTOCARDIO- 
GRAPHIC PATTERN 


Before one can interpret abnormal tracings, he 
must learn the characteristics of the normal pat- 
tern. Fortunately, the tracings, despite their com- 
plex origin, are quite easy to read. The tyro bal- 
listocardiographer will be pleased with the alacrity 
with which he learns the field, and those familiar 
with the interpretation of the electrocardiogram 
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Ficure 1. Normal Ballistocardiogram Recorded w 


against a vessel wall or deceleration, causing move- 
ment in the same direction as the blood. The foot- 
ward movement resulting from ventricular ejec- 
tion can be likened to the recoil of a gun or to the 
forward movement of a jet aircraft (Newton’s Third 
Law: to every action there is an equal and opposite 
reaction). The normal ballistocardiogram has four 
main systolic waves: H, I, J, K. During diastole 
the following waves are seen: L, M, N, O. Figure 1 
demonstrates a normal ballistocardiographic pat- 
tern, which may be described as follows: 


H, the initial wave, occurs during the isometric 
period of ventricular contraction. It is a head- 
ward wave resulting from the footward accelera- 
tion of the heart, itself. Auricular systole may 
contribute to the H wave. 

I, the second wave, is larger and footward in 
direction. It results from recoil during accelera- 
tion of the blood upward into the systemic and 
pulmonary aortas. 

J is a large headward wave, which normally 
dominates the entire complex. It is a resultant 
of three forces: impact on the aorta and bifurca- 
tion of the right and left pulmonary arteries, 
deceleration of the blood mass in the heart and 
acceleration of the blood down the aorta. 

K, the second footward wave, is synchronous 
with the peak of the femoral pulse. It represents 
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will be amazed by the relative simplicity of bal- 
listocardiography. One word of warning — these 
tracings, like the electrocardiogram, are merely 
laboratory supplements, and should be regarded 
with the usual reservations due a laboratory pro- 
cedure. 

The following is a description of the normal 
record!*: 15; the presence or absence of any of these 
characteristics is important in determining the 
normalcy of any record. It is pointed out that, un- 
like electrocardiography, quantitative measurements 
and descriptions cannot be given, and there is a wide 
range of normalcy. Often, one gains only an im- 
pression, and always one must interpret the trac- 
ing in the light of what is already known about the 
patient." Nevertheless, with only a little experience 
and practice, easy familiarity is achieved. A schemat- 
ic outline of the normal ballistocardiogram is 
presented in Figure 2. 

An orderly procedure, like the step-wise inter- 
pretation of the electrocardiogram, facilitates the 
reading of the ballistocardiogram. The following 
approach is suggested: 


The examiner should scan the tracing, noting 
whether or not a clear-cut repetitive pattern is 
obvious. The amplitude should be noted. 

The individual waves of several complexes 
should be identified and labeled. 


Kan 





The amount of variation of amplitude of the 
complexes with respiration should be considered. 
There may be up to approximately 50 per cent 
decrease in maximal amplitude of the I and J 
waves normally during respiration. Similarly, 
reciprocal changes in these waves may occur. 

The H wave, which tends to be the smallest of 
the systolic waves, being normally much smaller 
than J, and usually about one fourth its size, 
should be examined. It may be peaked, rounded 
or flat. At times it is barely discernible, and may 
be normally absent. 

The I wave, which is a conspicuous down- 
ward wave with an acute and clearly defined 
apex, should also be examined. The arms connect- 
ing it with H and J should be straight. It is 


WEADWARD J 
H/\ Ln 
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Ficure 2. Schematic Drawing of the Normal Ballistocardio- 
gram. 


usually greater than H in amplitude, and or- 
dinarily about half the size of J. 

The J wave, which normally dominates the 
record, easily being the most prominent of the 
entire complex, should be given consideration. 
Its apex is acute and clearly defined. The arm 
connecting it to I, as noted above, is a straight 
line. 

The K wave should be noted. Its angle tends 
to be sharp. The amplitude approximates that 
of I, but can normally somewhat exceed it. 
Ordinarily, the arm connecting J and K is straight, 
but it may be normally slurred or notched when 
the cardiac rate is slow. 

Finally, one should examine the diastolic 
waves. These normally are considerably smaller 
than those of systole, and wide variation of the 
diastolic waves is often seen. The second wave, 
N, may be higher than the first, L. Any diastolic 
wave higher or deeper than the systolic complex 
is abnormal. 


Often, it is necessary to record a simultaneous 
pulse wave or electrocardiogram for the purpose of 
timing. This is particularly true in the presence of 
marked abnormalities. 


TECHNIC 


- When one of the instruments that record the 
movements of the body directly is used, the pa- 
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tient lies supine on a smooth, rigid surface. Or- 
dinarily, any substantial examining table is satis. 
factory; the mattress must be removed because of 
its dampening quality. If there is doubt about the 
desired rigidity of the table, one can check a trac- 
ing obtained from a normal patient on the table 
against a tracing taken with the same patient lying 
on the floor. If the table is rigid enough the two 
tracings should approximate identity. The patient 
need not disrobe for the test, although particularly 
heavy garments should be removed to avoid un- 
desired dampening. 

Routinely, tracings should be done after fifteen 
to thirty minutes of rest and two hours after the 
last meal.1® The record should ordinarily be taken 
during quiet respiration, although some abnor- 
malities may be brought out by repetition of the 
test during deep inspiration and deep expiration." 
If the ballistocardiogram is normal at rest and car- 
diac disease is suspected clinically, the procedure 
should be repeated after standard  exercise!’; 
further details are given below. 


ABNORMAL BALLISTOCARDIOGRAM 


A ballistocardiogram may vary from normal in 
two ways: it may reveal abnormal amplitude, or it 
may show abnormal configuration. With the direct 
recording apparatus quantitative measurements 
cannot be made; however, practice and experience 
enable the interpreter to recognize quickly the ab- 
normalities in amplitude. Records revealing ab- 
normally high amplitude are referred to as hyper- 
kinemic; those demonstrating unusually low an- 
plitude are termed hypokinemic. 

The common abnormalities of configuration are 
found in the I and J waves, and it is to these two 
waves that particular attention should be paid. 
As pointed out above, both are normally well de- 
fined complexes, exhibiting sharp apexes and straight 
line arms. Starr and Mayock" have emphasized 
that “any complex is judged abnormal in form if 
the I wave is rounded, notched, or flattened and 
if its area is conspicuously reduced; or if the J peak 
is rounded, flattened, or notched, so that this peak 
fails to dominate the record.”! At present the only 


abnormality of the H wave of definite significance 


is a marked increase in amplitude, so that it reaches 
the size of the normal J. The H wave may normally 
be absent. In some abnormal records the K wave 
is seen to increase greatly in depth (often with con- 
comitant decrease in the I and J) so that the foot- 
ward deflection of the K becomes the most promi- 
nent of the entire complex. The K wave is cut off 
at the base line in the presence of coarctation of the 
aorta.’® Ordinarily, the diastolic waves are unim- 
portant in establishing abnormality in any record; 
however, if any diastolic wave exceeds in depth or 
height the most prominent downward or upward 
wave of the systolic complex, the tracing is abnormal. 
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In the interpretation of the graph a series of many 
complexes should be studied. The finding of an 
isolated abnormality in a single wave should not 
be considered significant. It is not uncommon to 


‘note the abnormalities only during expiration, be- 


cause of diminished cardiac filling during this phase 
of respiration.!® 


Types of Abnormal Patterns 


A large portion of all abnormal tracings are so 
distorted that the record is chaotic and no com- 
plexes can be recognized. In many abnormal records, 
however, a typical distortion or pattern is seen. 
These patterns are not diagnostic of specific path- 
ologic states, but correlate with the underlying 
pathologic physiologic mechanism. Because of the 
frequent occurrence of these patterns, their general 
characteristics are described as follows (various 
abnormal ballistocardiograms are compared with 
the normal pattern in Figure 34): 


Hyperkinemia (Fig. 3B). In this pattern the 
only abnormality is the unusually large am- 
plitude of all the waves. 

Hypokinemia (Fig. 3C). In this pattern the 
only abnormality is the unusually small size of all 
the waves. 

Abnormal respiratory variation (Fig. 3D). There 
is marked phasic reduction in the maximal am- 


plitude of the systolic waves, exceeding 50 per _ 


cent. Often, the waves become unidentifiable 
or almost disappear. 

Early “M” pattern (Fig. 3E). The H wave is 
markedly increased in amplitude, often reaching 

‘the height of the normal J. The pattern gives 
the appearance of the letter “M” in the early part 
of the systolic complex. 

Abnormal I wave (Fig. 3F). The I wave is 
slurred, notched, rounded or decreased in ampli- 
tude. The extreme abnormality here is complete 
absence of the I wave. 

Abnormal J wave (Fig. 3G). The J wave is ab- 
normal if it is slurred, notched, rounded or re- 
duced in amplitude. It normally dominates the 
entire ballistocardiographic complex. 

Deep K wave — the late downstroke pattern (Fig. 
3H). The systolic waves are of low amplitude, 
and the K wave is unusually deep. The down- 
ward stroke of the K dominates this pattern. 

Cut-off K wave (Fig. 3]). The K wave is absent 
or markedly reduced in amplitude, ending at or 
near the base line. 

Large diastolic waves (Fig. 3J). The systolic 
waves are of small amplitude, and the diastolic 
waves are greatly increased in size. It should be 
noted that here the need for a simultaneous pulse 
or electrocardiographic tracing is apparent, to 
avoid confusing diastolic waves for those of 
systole. 
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Late “M” pattern (Fig. 3K). The J wave is 
deeply notched, so that its outer limbs form the 
sides of the letter “M.” The “M” occurs in the 
latter part of systole. 

Chaotic waves (Fig. 3L). The complexes are 
totally irregular. No individual waves or regular 
sequence can be identified. 
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Ficure 3. Schematic Drawings of Various Abnormal Ballisto- 
cardiographic Patterns as Compared with the Normal. 


More often than not, the abnormalities in form 


defy definite classification, various gradations of 
abnormality appearing from complex to complex. 
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However, the above classification is at times help- 
ful, especially for descriptive purposes. 


Pathologic Physiologic Mechanisms 


That the specific abnormal patterns cannot be cor- 
related with specific etiologic or focal anatomic 
disorders has already been emphasized. Ballisto- 
cardiographic abnormalities can, however, be re- 
lated to disordered cardiac systole and ejection of 
the blood mass.” The large H waves of the early 
“M” pattern seem to be related to increased im- 
pact of the heart as it begins to eject against high 
resistance. Hypertension is frequently the basis for 
this pattern. Distorted I and J waves are produced 
by abnormal or weakened ventricular systole. The 
deeply notched J wave of the late “M” pattern is 
probably due to asynchronous ventricular ejection. 
Abnormalities that appear only during expiration 
result from reduced cardiac filling during this phase 
of respiration, causing minor disturbances in ejec- 
tion to be magnified. In this sense, the ballisto- 
cardiograph becomes a more sensitive “barometer” 
during expiration. The late downstroke pattern, 
with its weak H-I-J and deep K, is probably pro- 
duced by a delay in maximum expulsion velocity 
until late in systole. Easily understood is the cut- 
off K wave in coarctation of the aorta. Normally, 
the K wave is the resultant of the forces originating 
from deceleration of the blood in the aorta, the 
aortic after-fling, and impact on the smaller vessels. 
The interruption of flow past the coarctation 
blocks all these forces. Dock and Taubman’ have 
proposed that the decreased K waves seen in shock 
are due to vasoconstriction in the renal, splanchnic, 
cutaneous and muscular beds. Large diastolic 
waves have been shown to originate from several 
sources. High venous pressure, as in constrictive 
pericarditis or in arteriovenous shunts, forces blood 
into the heart during diastole with considerable 
impact. In cardiac failure the I-J segments may 
be reduced by weakened ventricular ejection, and 
the diastolic waves increased by the high venous 
pressure. Starr and Mayock™ have described an 
interesting case in which the large diastolic waves 
were attributed to aortic insufficiency. The in- 
competent valve allowed a large quantity of blood 
to leak into the heart during diastole, causing 
impact. 

Hyperkinemia is often seen in thyrotoxicosis, aortic 
insufficiency, hypertension with ventricular hyper- 
trophy, anemia, arteriovenous communications and 
other disorders causing high cardiac output. It 
also occurs in persons without other evidence of 
organic cardiovascular disease.2° Hypokinemia is 
a concomitant of myxedema, “forward failure,” 
serious myocardial weakness, shock, adrenal and 
pituitary insufficiency, and debilitation. Like its 
opposite, hypokinemia may be “essential,” with 
no demonstrable organic basis.”! 
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Significance of Ballistocardiographic Abnormalities 


Starr and Mayock"™ have well demonstrated that 
the ballistocardiographic technic is a remarkably 
accurate method of revealing objectively the exis- 
tence of organic cardiac disease. Not uncommonly, 
these tracings are the only objective confirmation 
of a clinical impression. By no means, however, is 
the ballistocardiogram abnormal in all cases of or- 
ganic heart disease. Proved rheumatic valvular 
lesions associated with normal ballistocardiographic 
records have been reported. Likewise, normal trac- 
ings have been seen after therapeutic compensa- 
tion of a previously failing heart. It seems that the 
test is most accurate in demonstrating abnormalities 
in the presence of coronary-artery disease.” Starr 
and Mayock" believe that when abnormalities 
of form occur in young adults there is strong evi- 
dence that structural cardiovascular disease is 
present. They have also reported 9 cases displaying 
abnormal ballistocardiographic tracings in which 
subsequent autopsy failed to demonstrate pathologic 
findings in the heart. As they point out, the nega- 
tive autopsy findings in no way proved that a 
physiologic cardiac disturbance did not exist. Cer- 
tainly, it is rare indeed to find the focus responsible 
for ventricular premature contractions seen on the 
electrocardiogram; correspondingly, the _ballisto- 
cardiograph, being a measuring device of function, 
can be expected to reveal abnormalities when struc- 
ture appears normal. 

One must always remember that extracardiac 
factors may strongly influence the ballistocardio- 
graphic waves. Fever, pregnancy, shock, thyroid 
and adrenal insufficiency, sclerotic rigidity of the 
aorta, anemia, pulmonary emphysema, atonic ab- 
dominal musculature, digitalis and a host of other 
factors affect these tracings. The need for correlat- 
ing ballistocardiographic findings with the clinical 
picture is obvious. 


CurinicaL CorRELATIONS 


The final clinical value of any new test must even- 
tually rest upon its ability to aid the physician in 
establishing or disproving the existence of disease. 
Enough data have been accumulated to allow safe 
correlations between the clinical states and ballisto- 
cardiographic findings. 

The majority of abnormal patterns can be demon- 
strated with the patient in the so-called “basal 
state’ —that is, during quiet respiration after 
fifteen to thirty minutes of rest and at least. two 
hours after eating. The testing situation can be 
“primed” in several ways to bring out hidden, but 
significant, abnormalities. Some abnormalities are 
best seen during various phases of respiration, 
causing Dock et al." to suggest that additional 
tracings be made during deep inspiration and deep 
expiration, especially when heart disease is sus- 
pected. Berman, Braunstein and McGuire!® have 
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shown that the ballistocardiogram may become 
abnormal in some cases if taken after a test meal. 
Makinson,!” employing a modification of the 
Master” two-step test, has found that exercise often 
brings out abnormalities that are hidden during 
rest. By one or all of these technics, the “yield” of 
significant abnormalities can be increased. 

Experience accumulated over the past ten years 
has shown that the ballistocardiograph is a most sen- 
sitive indicator of the disordered cardiac function 
associated with angina pectoris. Mandelbaum 
and Mandelbaum* have reported a series of 224 pa- 
tients with angina (none had suffered myocardial 
infarction) in which over 95 per cent demonstrated 
ballistocardiographic abnormalities at rest or after 
exercise. Taymor and his co-workers”> found abnor- 
mal tracings in 94 per cent of the anginal patients 
tested after exercise. The experience of Brown 
et al.22 has been in essential agreement with these 
reports. 

The incidence of abnormalities in hypertension 
depends upon the stage of the disease. In the early 
phase of hypertension the tracings are usually nor- 
mal; the incidence of abormalities increases with 
progression of the disease. In the advanced, “fixed” 
stage abnormal tracings can be expected in about 
85 per cent of patients.* Lowering of pressure levels 
with sympatholytic drugs has effected normaliza- 
tion of previously disordered ballistocardiographic 
records,?® probably indicating that the disturbed 
cardiac function may be reversible. 

Immediately after myocardial infarction the 
ballistocardiogram may be normal; however, it 
usually reveals distortions within the third to the 
fifth week.26 About 95 per cent of the patients with 
healed infarcts demonstrate ballistocardiographic 
abnormalities.™4 

The experience of Starr and Mayock" has shown 
that abnormal records occur with the following 
frequency in these pathologic states: rheumatic 
heart disease, 45 per cent; syphilitic heart disease, 
29 per cent; congenital heart disease, 6 per cent; 
pericarditis, 33 per cent; auriculoventricular block 
(cause undetermined), 100 per cent; intraventricular 
block (cause undetermined), 24 per cent; hyper- 
thyroidism, 12 per cent; and hypothyroidism, 10 
per cent. 

Congestive failure is almost always accompanied 
by hypokinemia and configuration distortions; nor- 
mal or high amplitude immediately suggests high 
output failure." Large L waves, which may be nor- 
mal in children, are seen in rheumatic carditis and 
in mitral stenosis.!"! Dock and Taubman’ made the 
interesting observation that deep M waves may 
occur in protodiastolic gallop and a deep wave pre- 
ceding the H in presystolic gallop. Marked respira- 
tory variation and bizarre waves can be expected 
in pericardial tamponade. Arrhythmias produce 
beat-to-beat variation. Digitalis, administered to 
the normal heart, may produce an abnormal trac- 
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ing.?” Coarctation of the aorta is associated with 
the cut-off K-wave pattern; the tracing reverts to 
normalcy after successful repair.!*- 28 The H wave 
is absent in complete heart block whenever auricular 
systole does not immediately precede ventricular 
contraction.”® 


Procnostic SIGNIFICANCE 


Although the science is quite young, ballistocar- 
diography has already acquired a formidable repu- 
tation for its prognostic capabilities. In 1947 Starr*° 
presented his follow-up report on 90 apparently 
healthy subjects; this group consisted of people be- 
tween the ages of forty and eighty-five when first 
tested in 1937 to 1939. The results of the eight-year 
to ten-year follow-up histories are now famous. 
Of the original supposedly healthy 90 subjects, 4 
had ballistocardiograms that were abnormal in form. 
In 3 of the 4 coronary-artery disease developed dur- 
ing the follow-up period. The remaining 86 subjects 
had tracings that were normal in configuration. Of 
these, in all 6 showing most hypokinemic patterns © 
(in proportion to their actual weight) coronary- 
artery disease developed. Starr concluded that 
“the ballistocardiographic method gives promise 
of identifying coronary heart disease far earlier in 
its course than has been hitherto possible.” It was 
this justifiable conclusion that has prompted many 
physicians to test themselves as they enter the 
“coronary age.” 

Not only has the ballistocardiographic technic 
proved of value in predicting the future develop- 
ment of arteriosclerotic heart disease, but also it 
has provided a new objective means of following the 
progression of clinically evident cardiac disorders. 
It has been shown that there is a close correspond- 
ence between the clinical course, whether it is 
improving, stationary or deteriorating, with the 
changing ballistocardiographic picture.** There- 
fore, the ballistocardiograph lends itself to serial 
use. 

Several systems of classifying the various ab- 
normal patterns according to severity have been 
developed. One of the simplest methods had been 
proposed by Starr and Mayock.“ This categoriza- 
tion is merely based on the percentage of complexes 
that are abnormal. It is particularly applicable to 
cases in which the abnormal forms appear cyclically 
with respiration. The grading system described by 
Brown, Hoffman and DeLalla* has proved useful 
and popular. They classify tracings into five grades. 
Grade 0 is used for the normal patterns. Grade I 
represents tracings that demonstrate only unusual 
decrease in amplitude during expiration, often with 
loss of definitiveness. Grade II manifests half or 
more of the complexes as abnormal, again mainly 
during expiration. Grade III shows varying abnor- 
mality throughout all phases of respiration, along 
with low amplitude; these complexes, nevertheless, 
are still individually identifiable. Grade IV trac- 
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ings are chaotic, unidentifiable complexes of low 
amplitude. 

Certain persistent pattern distortions have be- 
come recognized as significant of serious cardiac 
disease. The late “M” and the late downstroke 
pattern both indicate severe functional impairment. 
Naturally, the chaotic, hypokinemic records point 
to serious disorder. 


ScoPE 


Besides the routine clinical use of ballistocardi- 
ography in dealing with the individual patient, the 
method is well suited to the demands of many areas 
of medicine. 

Investigators in the field of cardiac physiology 
have found the instrument useful in estimating car- 
diac output. Formulas have been derived that 
utilize the areas under the I and J waves as an index 
of stroke volume.*®: ®: % These derivations require 
the use of the specially designed standardized tables. 
It has been shown that even under the most satis- 
factory circumstances. the method is not truly a 
quantitative one, and is far better suited for mak- 
ing comparative qualitative estimates on a single 
subject under rapidly changing experimental con- 
ditions. Whether or not rough comparative esti- 
mations of cardiac output can be made with the 
various direct recording ballistocardiographs remains 
to be seen. 

The simple testing situation, the relative rapidity 
and ease of interpretation and the low cost of the 
instruments and materials all make the technic 
available for use in survey problems. The method 
is ready for use in insurance examinations, industrial 
and military screening procedures and mass detec- 
tion surveys. #4 


ILLUSTRATIVE CASES 


Figure 4 demonstrates the ballistocardiographic 
patterns in the following cases: 


Case 1 (healed myocardial infarction). V.L., a 41-year- 
old man, had suffered a posterior myocardial infarction in 
October, 1951. Recovery had been complete except for exer- 
tional dyspnea and easy fatigability. On January 31, 1952, 
the ballistocardiogram (Fig. 44) revealed chaotic uniden- 
tifiable waves of low amplitude. Ten days later he awoke 
from his sleep complaining of squeezing substernal pain 
radiating down both arms. He died 1 hour later. Autopsy 
showed old and recent myocardial infarctions, involving the 
posterior wall of the left ventricle and the septum. 

Case 2 (angina pectoris and anxiety state). A 56-year-old 
man, had complained of dull substernal and precordial pain 
on exertion and during rest for a period of 6 years. Extreme 
emotional instability, suggestibility and overt conversion 
symptoms had caused doubt in the minds of all the physicians 
who cared for him whether or not his complaints were actually 
founded on coronary-artery disease. Further confusion was 
caused by persistently normal electrocardiograms, even 
those taken after standard exercise. A ballistocardiogram, 
(Fig. 4B) taken on December 19, 1951, demonstrated chaotic 
waves of low amplitude, indicating serious cardiac disease 
and giving final objective verification for the anginal syn- 
drome. 

Case 3 (cardiospasm). R.O.H., a 42-year-old man, had 
experienced several episodes of substernal constricting pain 
during the past4 months. The pain usually appeared dur- 
ing or immediately after meals and lasted about 3 minutes. 
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The patient exercised vigorously every day, never experiencing 
discomfort at these times. Questioning revealed that his 
present symptoms had begun at the time divorce proceedings 
were instituted by his wife. Reassurance and belladonna 
effected complete relief. The ballistocardiogram (Fig. 4(C) 
taken after exercise was entirely normal. 

Case 4 (mitral stenosis). J. M. F., a 26-year-old patient, 
was asymptomatic. However, during a routine physical 
examination the murmurs of mitral stenosis and insufficiency 
were heard; the findings were confirmed by several examiners, 
There was no past history of rheumatic fever. Roentgen- 
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Ficure 4. Ballistocardiographic Patterns in Various Condi- 
tions. 
A —chaotic tracing taken ten days before a fatal myocardial 
infarction. 
B —chaotic pattern seen in a patient with angina pectoris. 
C — normal ballistocardiogram recorded from a patient with 
cardiospasm. 
D — normal ballistocardiogram of a patient with mitral stenosis. 
E —the late “M” pattern. (The electrocardiogram revealed 
right-bundle-branch block.) 


ographic examination showed enlargement of the left auricle 
and pulmonary out-flow tract. The ballistocardiogram (Fig. 
4D) was entirely normal. (This case well illustrates the fact 
that the ballistocardiogram may be normal despite conclusive 
evidence for the existence of organic cardiac disease.) 

Case 5 (right-bundle-branch block). E. F., a 41-year-old 
patient, had had hypertensive and arteriosclerotic heart 
disease with angina since 1948. An electrocardiogram taken 
on March 14, 1952, revealed complete right-bundle-branch 
block (QRS complex of 0.15 second). The ballistocardiogram 
(Fig. 4£) demonstrated the late “‘M” pattern. The apparent 
increase in amplitude of the L wave was due to reduplication 
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of the forces that normally produce a single prominent J wave, 
caused by asynchrony of right and left ventricular systole. 


SUMMARY 


The clinical aspects of ballistocardiography are 
reviewed. The method of interpreting the curves, 
their physiologic basis and their significance are 
discussed. The scope and limitations of the pro- 
cedure are presented in the hope that the summary 
will help the beginning ballistocardiographer quickly 
to grasp this new method of evaluating the car- 
diac patient. 


I am indebted to Perry G. M. Austin, Jr., Captain, US 
AF (MC), for his suggestions and criticisms, and to Sgt. 
Opal M. Cox, USAF, for her help in the preparation of the 
manuscript. 


600 South Kingshighway 
St. Louis 10, Missouri 
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Correction. The sentence “Preparation A was a relatively crude extract of 
corticotrophin containing approximately 6552 USP units per mg.,” in the third 
paragraph of page 1 of the article entitled “Serial Courses Of Corticotrophin ° 
or Cortisone in Chronic Bronchial Asthma” by Robert P. McCombs, M.D., in 
the July 3 issue of the Journal, should be changed to read: “Preparation A was a 
relatively crude extract of corticotrophin containing approximately 2 USP 


units per mg.” 
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CONTROL OF THE HYDROGEN ION* 


Hatvor N. CurisTENSEN, Pu.D.{ 
BOSTON 


OME unfortunate awkwardness of terminology 
has been associated with the heritage of infor- 
mation and ideas in the field of physiologic neu- 
trality regulation. One relatively simple misconcep- 
tion seems to lie behind most of the trouble: when a 
weak acid HA dissociates, this has been interpreted 
erroneously as a combining of A~ with a cation Bt, 
rather than the breaking of the combination be- 
tween Ht and A-. Almost everyone is familiar with 
the difference in the relations that sodium and 
hydrogen bear to the rest of the molecule in simple 
structures like NaHCO; and H.CO;; nevertheless, 
most textbook discussions still reverse these rela- 
tions, treating the sodium rather than the hydrogen 
as if it were the tightly bound atom. For example, 
from a newly published textbook of biochemistry, 
“Since hemoglobin and oxyhemoglobin are acids at 
blood pH, they compete with carbonic acid for base”’ 
[italics mine]. Because hydrogen-ion dissociation is 
interpreted as the binding of a metallic cation, an 
acid-neutralizing character is attributed to the 
cations or “bases.” The resistance to accepting the 
hydrogen ion as the central character in the act 
arises from the minute amounts of it that appear in 
the free state. 

The present discussion is motivated by two 
premises: that the unfortunate terminology can be 
avoided and that, if not avoided, it can bear frequent 
discussion. 

Biologic solutions contain two kinds of anions: 
those whose state of charge is invariant over the 
relevant range of pH (the fixed anions), and those 
that lose part or all of their negative charge when the 
supply of hydrogen ions is increased (the buffer 
anions). Buffer anions can be illustrated by the 
bicarbonate ion: 


HCO;- + Ht 2 H.CO.. 


The presence of buffer anions characterizes biologic 
solutions. In contrast the cations of biologic solu- 
tions are substantially all of one character—that is, 
invariant in charge over the range through which 


*From the Department of Biochemistry and Nutrition, Tufts College 
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the pH of the solution changes. Biologic solutions 
show certain pecularities of behavior because of 
the character of the anions present. If, for ex- 
ample, hydrochloric acid is added to these solu- 
tions the hydrogen ion of the acid mostly disap- 
pears, being taken up by the buffer anions, which 
thereby lose part or all of their anion charge. The 
presence of the added acid can be recognized, then, 
by the unusual proportions of the surviving anion; 
hence the use of the term “acid” for “anion.” If 
NaOH, on the other hand, is added to a typical 
biologic solution, the hydroxyl ion reacts with the 
weak acids present, to form water and the buffer 
anion corresponding to the weak acid. As a conse- 
quence, the sodium ion survives without any in- 
crease in the fixed anions. Hence a biologic solu- 
tion with an unusual excess of cations over fixed 
anions is recognized as basic. The same picture can 
be produced by the addition of sodium bicarbonate. 

Although these relative changes in fixed cations 
and anions have usually received more attention, 
the significant changes are in the buffer anions. In 
general the higher the level of these, the higher the 
pH. This is a consequence of the behavior of buffer 
anions; they tend to associate or bind hydrogen ions 
and in this way to remove them from solution. 
High levels of buffer anion and hydrogen ion cannot 
exist together in the same solution. 

The use of the term “alkali reserve” for the 
bicarbonate ion level of the extracellular fluid re- 
flects the importance given to the buffer anion 
concentration. The term is not entirely inappro- 
priate; bicarbonate ion becomes a base if one accepts 
Brgnsted’s definition—in other words, it is a sub- 
stance that tends to bind hydrogen ion. The term 
appears to have a slightly archaic flavor when ap- 
plied to sodium bicarbonate, rather than the bicar- 
bonate ion. When one considers blood, the concept 
of the alkali reserve is decidedly narrow in repre- 
senting only part of the blood buffer anions, — that 
is, potential hydrogen ion acceptors, — hemoglobin 
being of parallel significance along with bicarbonate. 
The concept of the blood buffer base, elaborated by 
Singer and Hastings, corrects this narrowness. In 
the same curious inverted way this term refers to 
the cations equal in amount to the blood buffer 
anions. In actuality the blood cations, of course, are 
substantially all of one character, or fixed. The 
concept involved in the term “blood buffer base” 
is so important that the form of the term is a minor 
matter. 

One may argue that it is the concentration of 
available cations that prevents any change in the 
total buffer anion level when, for example, blood is 
exposed to various pressures of carbon dioxide. 
One can, however, explain this limitation much 
more directly by pointing out that the uptake of 
carbon dioxide and the formation of bicarbonate is 
limited by the supply of potential hydrogen ion 
acceptors, and appears to have nothing to do with 
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the alkali metal cations. For each bicarbonate ion 
formed, one hydrogen ion must also be released; 
when this combines with hemoglobin, precisely one 
anion group is eliminated for each new bicarbonate 
ion formed. 

Descriptions of the biochemistry of hemoglobin 
likewise usually invert the relations of the hydrogen 
ion and metal cation to the protein. The following 
are examples of such inversion, followed by state- 
ments of what is usually understood by them: 


“Hemoglobin binds base at the pH of blood.” 
By this one understands that hemoglobin exists 
as an anion. The electrophoretic method empha- 
sizes that the proteins really exist as free anions 
and not in combination with the alkali metal 
cations. 

“Base is released from hemoglobin.” Hydro- 
gen ions are taken up by hemoglobin. The hydro- 
gen ion, in contrast to the alkali metal cations, 
really becomes bound to the protein. 

“More base is bound by oxyhemoglobin than 
by hemoglobin.” Hydrogen ions are dissociated 
from hemoglobin upon oxygenation, thus in- 
creasing the negative charge on the protein. 

“The oxygenation of hemoglobin is increased 
when more base is combined with it.” Hemoglo- 
bin tends to take up oxygen when a hydrogen ion 
is dissociated off the imidazole group that is 
connected to the ion. The presence or absence of 
this hydrogen, rather than the net charge on the 
hemoglobin, affects the affinity for oxygen. 

“Hemoglobin gives up base to form bicar- 
bonate.” Hemoglobin accepts a hydrogen ion 
from carbonic acid, to convert it to bicarbonate. 

“Hemoglobin and oxyhemoglobin compete with 
carbonic acid for base.” What they compete for 
is, of course, the hydrogen ion. The hydrogen ion 
is passed back and forth between bicarbonate 
and hemoglobin during gas transport, the alkali 
metal cations remaining unchanged all the while. 


The idea that cations are alkalinizing and there- 
fore are needed to correct acidosis is encountered 
also in discussions of renal activity. The usual state- 
ments are that ammonia synthesis “‘conserves base,” 
that conversion of HPO,= to H:PO,~ in the renal 
tubule “‘conserves base.” In actual fact, of course, 
the alkali metal cations are indifferent to hydrogen 
and hydroxyl ion, and do not enter into any reac- 
tions with them in aqueous solution. 

To avoid complexities one should consider a 
human subject with acidosis alone, and no con- 
comitant dehydration. Renal correction is under- 
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stood to mean that he is to correct the acidosis not 
by a change in the food and electrolyte intake but 
by a change in the urine composition. What is re- 
quired is the removal of hydrogen ion and fixed anion 
from the body fluids. Unless the kidney can excrete 
hydrogen ion in substantial and variable amounts it 
cannot correct the acidosis. It will be supposed for 
simplicity that the acidosis has been produced by 
the administration of hydrochloric acid. The 
hydrogen ion of the acid “goes underground,” 
by reacting with blood buffer anions, notably bicar- 
bonate. The resulting carbonic acid is breathed off 
as CO,, and only a minor part of the extra hydrogen 
ion remains in the extracellular fluid. All the ad- 
ministered hydrogen ion must, nevertheless, be 
excreted ultimately by the kidney. To restore the 
bicarbonate level to normal, CO, must be retained: 


CO, + H.0 2 H.CO; 2 H* + HCO,-. 


For each bicarbonate ion regenerated, one hydro- 
gen ion will reappear. Therefore, the kidney has 
the entire dose of hydrogen ion and chloride ion to 
excrete. 

This the kidney accomplishes by eliminating a 
portion of the output of inorganic phosphate as 
H.PO, rather than HPO,*, and part of the nitrogen 
output as ammonium ion rather than as urea. One 
can set up a simple model of the phosphate con- 
version by running HCl from a burette into a 
0.04 M phosphate buffer to bring the pH from 7.4 
down to the lowest levels that can occur in urine. 
A very substantial amount of HCl can, of course, 
be added. The substitution of two ammonium ions 
and one carbon dioxide for the excretion of a urea 
molecule likewise involves the elimination of two 
extra hydrogen ions. In each case one equivalent of 
anion necessarily will be eliminated with each hydro- 
gen ion, the effect of the extra hydrogen ion attached 
to the phosphate or nitrogen being to abolish a nega- 
tive charge or to produce a positive one. This elimin- 
ation of an extra equivalent of anion without an 
extra metal cation is spoken of as cation conservation. 
The alkalinizing effect, however, cannot be attrib- 
uted to the cation, but instead is due to the elimina- 
tion of hydrogen ion. In short, hydrogen ion is ex- 
creted from one solution into another, without ap- 
pearing in the free state except in extremely low 
concentrations in either one. 

The foregoing ideas are not presented as new 
ones; the purpose is merely to emphasize the separa- 
tion of some of the terminology in this field from 
conceptions of what actually happens. 
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CASE 38311 


PRESENTATION OF CASE 


A sixty-seven-year-old, Greek-born man was 
admitted to the hospital in stupor. Two years 
prior to entry, the patient was found to have mild 
asymptomatic diabetes, which was apparently well 
controlled on 30 units of protamine zinc insulin. 
He was well until three months before admission, 
when daily fever (maximum temperature of about 
101°F.), associated with occasional shaking chills 
and mild malaise, developed. One month later he 
was admitted to a hospital, where the only positive 
findings of note were a palpable liver and spleen, 
x-ray observation of “bilateral lung root thicken- 
ing and perihilar mottling” and an elevated sedi- 
mentation rate. The fever and malaise subsided 
without specific treatment, and he was discharged 
home. He had no appetite, gradually became weaker 
and lost 25 pounds in weight. In the week before 
admission persistent vomiting, increased weakness 
and gradual impairment of consciousness developed. 
On the day of admission, after taking a dose of 15 
units of protamine zinc insulin, he became stuporous. 

Physical examination showed a gaunt, dehy- 
drated man in no distress, responding slowly to 
questions and poorly oriented in time and place. 
The pupils were slightly irregular and equal and 
reacted to light; ocular movements were normal. 
The optic disks were flat; there were several scat- 
tered punctate retinal hemorrhages bilaterally, 
somewhat more in the right eye, and the retinal 
arterioles were moderately narrowed and sclerotic. 
The heart and lungs were normal. There was a 
l-cm., oval, nontender, movable, stony-hard nodule 
in the fifth left intercostal space. The liver edge was 
palpable four fingerbreadths below the costal margin. 
Motor power and sensation to pain were intact, and 
the reflexes were unremarkable. 

The temperature was 99°F., the pulse 80, and the 
respirations 12. The blood pressure was 140 sys- 
tolic, 80 diastolic. 
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The urine had a specific gravity of 1.012 and 
gave a +++ reaction for albumin; the sediment 
contained numerous red and white cells. Examina- 
tion of the blood revealed a hemoglobin of 14.0 gm. 
and a white-cell count of 6950, with 75 per cent 
neutrophils. The fasting blood sugar was 146 and 176 
mg., and the nonprotein nitrogen 35 mg. per 100 cc.; 
the sodium was 127.7 milliequiv., the chloride 89 
milliequiv., the carbon dioxide 33.8 milliequiv., and 
the potassium 4 milliequiv. per liter. A lumbar 
puncture on admission and on the eighth hospital 
day showed a spinal-fluid pressure equivalent to 
240 to 260 mm. of water, with a clear fluid contain- 
ing 9 to 30 lymphocytes per cubic millimeter, and 86 
to 98 mg. of total protein, 180 mg. per 100 cc. of 
sugar and 109 milliequiv. per liter of chloride. 
Roentgenograms of the chest disclosed uniform, 
fine, stippled mottling throughout both lung fields 
with marked pulmonary hilar haziness (Fig. 1). 
An electroencephalogram showed a diffusely ab- 
normal record without localizing or lateralizing 
features. An electrocardiogram was normal. 

There was urinary retention from the time of ad- 
mission, and because of inability to catheterize the 





Ficure 1. 


bladder successfully, a suprapubic cystotomy was 
done on the third hospital day. The prostate was 
found to be moderately enlarged, with intravesical 
protrusion. The patient remained severely ill 
throughout his hospital stay. The rectal tempera- 
ture rose daily to 100°F., and then to 101 to 102°F., 
and the pulse to 100 to 120. He hiccuped inter- 
mittently and vomited occasionally. By the seventh 
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hospital day, he was deeply comatose, responding 
only to deep pain. Examination at that time 
showed stiffness of the neck to forward flexion, left- 
facial-nerve weakness, occasional spontaneous move- 
ments of the right arm and forced grasping with the 
right hand, and no other localizing neurologic signs. 
Terminally, the temperature rose to 105°F. The 
patient died on the eighth hospital day. 


DIFFERENTIAL D1aGNosis 


Dr. Josepu C. Aus*: The history does not state 
what the patient’s occupation was; that should al- 
ways be given. 

Dr. Austin L. Vickery: He was a baker. 

Dr. Aus: Was the spleen felt? 

Dr. Vickery: The spleen was not felt by two ob- 
servers. 

Dr. Aus: The acid phosphatase was not given. 

Dr. Vickery: I do not believe that determination 
was made. 

Dr. Aus: May I see the x-ray films? 

Dr. Stantey M. Wyman: The film of the chest 
were takén with the patient lying on his back. 
The diaphragm is quite high in position, and the 
heart lies transversely and is somewhat hidden by 
the diaphragm. There is, as described in the pro- 
tocol, this fine granular pattern, which is quite 
uniform throughout both lung fields. The hilar 
shadows may be larger than usual, and there may 
be some nodularity; I am not too certain of that. 
The films of the skull are not’ very good and are 
noncontributory. 

Dr. Avs: I find this a very difficult case, and 
although I should like to make one diagnosis and 
not bring in others, I cannot. The patient had a 
generalized disease that involved the lungs, the 
liver, possibly. the spleen and the kidneys, the cen- 
tral nervous system and the prostate. Of course, 
he was old enough to have several diseases. I think 
the crux of the diagnosis is the high spinal-fluid 
sugar; but he had diabetes, and, therefore, I find 
that hard to interpret. 

The original report sounds as though the lungs 
showed generalized tuberculosis — miliary tubercu- 
losis. It is rather unusual at this age; a fibrin clot 
should have been noted in the spinal fluid and was 
not; the lymphocyte count in the spinal fluid was 
rather low for this disease, but most important, the 
spinal-fluid sugar was too high. On these data I 
am going to eliminate miliary tuberculosis although 
the history otherwise sounds like this disease. 

There are several conditions that should be con- 
sidered but that may be quickly eliminated. One 
is torulosis, which is rather unusual, but occasion- 
ally occurs with lymphoma. It gives cerebral mani- 
festations much like those in this man, but he had 
no granulomatous skin lesions, and the progress was 
rapid. The meningeal forms of torula produce many 
more cells in the spinal fluid than this man had, and 
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a reduced spinal-fluid sugar, whereas, in this man, 
the sugar was high. 

It may have been sarcoidosis from the x-ray 
examination, though I do not think so. Sarcoidosis 
involves the central nervous system occasionally 
but then is always accompanied by uveoparotid 
fever, and this man did not have such fever, so I 
cannot make that diagnosis. The x-ray findings 
sound like those found in beryllium poisoning, but 
do not look like them. Moreover I do not think 
beryllium poisoning ever causes central-nervous- 
system symptoms. Another possible diagnosis is 
the “group” diseases, or possibly amyloidosis. I do 
not think there is enough evidence to make such a 
diagnosis. The enlargement of the prostate suggests 
carcinoma, but that does not fit in with the x-ray 
findings or with anything else, and I cannot make a 
diagnosis without an elevation of the acid phos- 
phatase. Hypernephroma—there was a large 
amount of albumin and red cells — does not appeal 
to me either. 

The only diagnosis I can make on this man, and I : 
do it without confidence, is that of the lymphom- 
atous group of lesions. I do not think all the find- 
ings go very well with that diagnosis either. The 
patient had a large, stony-hard lymph node, but its 
position might have made it feel hard. The x-ray 
films are not entirely consistent with lymphoma. 
Can you say they would go with that? 

Dr. Wyman: I do not think so. 

Dr. Aus: I do not think so either! There would 
have to be a very diffuse lymphomatous process. 
I should have to make a diagnosis of small areas of 
lymphoblastoma all through the liver, the ab- 
dominal lymph nodes to give him the fever, the 
lungs and the meninges, more on the left and at the 
base of the brain. The spinal fluid did contain a 
moderate number of lymphocytes and high protein 
and was under a high pressure; the sugar I should 
expect to be normal. I rely a good deal on that high 
spinal-fluid sugar. The enlarged lymph nodes 
should not have been so hard, and others should 
have been enlarged. 

Dr. Vickery: There has been an inadvertent 
omission in the protocol. That small nodule by the 
nipple in the left chest wall was excised and found 
to be nothing but fibrosis and calcification, probably 
an old wen. 

Dr. Avs: I expect to be wrong, but I cannot do 
any better here. I shall stick to my diagnosis of 
malignant lymphoma with involvement of the lungs, 
the central nervous system, the liver, the kidneys 
and the retroperitoneum; I shall get on more solid 
ground with the diagnoses of diabetes, arterioscle-- 
rosis, hypertrophied prostate and probably chronic 
nephritis, with the kidneys, I assume, filled with 
lymphomatous tissue. 

Dr. LawrencE Barrows: When I saw this pa- 
tient shortly before his death he had a definite stiff 
neck, an occasional spontaneous movement of the 
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right arm, and forced grasping of the right hand 
when stimulated on the palm. In addition, there 
was a complete facial paralysis on the right that had 
not been present at the time of admission. We 
speculated on a number of diagnoses and thought 
one good possibility, despite the age, was miliary 
tuberculosis. At the time the lumbar puncture was 
done, the patient was also receiving dextrose intra- 
venously, which may have caused the elevation of 
the spinal-fluid sugar. 

Dr. Raymonp D. Apams: I can only point out 
that a high spinal-fluid sugar is usually not of much 
value. It usually turns out to be due to diabetes or 
to the intravenous injection of glucose at the time of 
lumbar puncture. Some years ago an error crept into 
the textbooks that virus infection caused a high 
spinal-fluid sugar. I do not believe anyone has ever 
confirmed that. A more important finding in the 
case under discussion is the cells and increased pro- 
tein. These indicate some meningeal irritation or 
inflammation. This finding in conjunction with the 
lung lesion suggests three possibilities; these are 
tuberculosis, torula or tumor that had metastasized 
widely through the meninges. The course was so 
short that I do not believe torula could be seriously 
considered. That leaves the other two possibilities. 
Lymphoma, as Dr. Aub pointed out, does sometimes 
cause a very high spinal-fluid cell count, up to 4000, 
but more often not, and the sugar has been border- 
line or low even when the cell count was high. 


Curnicat Dracnosis 


?Miliary tuberculosis. 
?Metastatic tumor to meninges. 


Dr. Aus’s D1acnosis 
Malignant lymphoma. 


ANATOMICAL DIAGNOSES 


Tuberculosis of prostate, with generalized miliary 
tuberculosis. 

Diabetes mellitus. 

Intercapillary glomerulosclerosis. 

Chronic pyelonephritis. 


PaTHOLOGICAL Discussion 


Dr. Vickery: At the time of autopsy the lungs 
were bound down by firm, fibrous adhesions to the 
parietal pleura; the sectioning of the lungs dis- 
closed myriads of punctate, grayish lesions not 
much larger than the head of a pin, averaging about 
1 mm. in diameter. Immediately, the prosector was 
suspicious of tuberculosis, and a frozen-section 
examination confirmed the suspicion. Both lungs 
were equally involved, with no large old focus or 
cavity in either lung. The microscopical examina- 
tion of the remainder of the organs showed the proc- 
ess to be extremely widespread. It would be almost 
easier to name the organs that were not involved; 
however, those involved were the lungs, the liver, 
the spleen, the kidneys, the adrenal, thyroid and 
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parathyroid glands, the bone marrow and the 
bronchial lymph nodes. The prostate was enlarged 
and on section contained a large focus of caseation 
and necrosis, which proved to be active tuberculosis 
and which appeared different from the miliary le- 
sions in the other organs. It is only speculation re- 
garding whether or not that was the reservoir for 
the eventual spread of the infection to the other 
organs; on the other hand, the evidence in the 
literature is that most cases of tuberculous pros- 
tatitis are themselves due to hematogenous spread. 

The kidneys were of some interest in that micro- 
scopically they showed a variety of changes. There 
was a considerable degree of nephrosclerosis to go 
along with the diabetes and the generalized arterio- 
sclerosis, and in addition a moderate degree of 
pyelonephritis probably related to the miliary 
dissemination in the kidney. Finally, there was 
evidence of a Kimmelstiel—Wilson intercapillary 
glomerulosclerosis, fitting in with the diabetic 
picture. 

The positive stool guaiac reaction can probably 
be explained on the basis of a polyp found in the 
sigmoid. 

The spleen weighed 430 gm., which is two or 
three times the normal size, and the liver over 
2000 gm., which is an increase of about a fourth 
over the normal weight. We did not find any evi- 
dence of cirrhosis of the liver, but the many miliary 
tubercles within the substance of the liver and 
spleen could well account for this increase in size. 

Dr. Richardson will tell you about the findings 
in the brain. 

Dr. Epwarp P. Ricnarpson, Jr.: There was no 
severe degree of meningitis visible grossly, but 
within both cerebral hemispheres were multiple 
discrete disseminated lesions of about 1 mm. in 
diameter, which had necrotic centers ringed by a 
small border of hemorrhagic tissue. The ependymal 
walls of the lateral ventricles were studded with 
small granular elevations about 1 mm. in height, 
symmetrically distributed on both sides. The larg- 
est lesion, which was in the vermis of the cere- 
bellum above the roof of the fourth ventricle, was 
about 5 mm. in diameter and microscopically had 
the typical structure of a tuberculous granuloma, 
with caseation, necrosis, giant-cell formation, epi- 
thelioid cells and lymphocytes. The subarachnoid 
space in the vicinity of this lesion contained some 
lymphocytes, but no large collection of meningeal 
exudate. 





CASE 38312 


PRESENTATION OF CASE 


A fifty-nine-year-old man was admitted to the 
hospital because of dyspnea and weakness. 

One year before admission, after an attack of 
syncope, the patient was told by his physician that 
he was anemic and had a high blood pressure. 
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He subsequently became dyspneic, developed noc- 
turia and noted that his face was swollen. He be- 
lieved that the urine was pink at this time. A few 
months before admission increasingly severe dysp- 
nea and orthopnea developed, but he noted no 
chest pain, cough or ankle edema. A few weeks 
before admission he became very weak so that he 
was unable to walk, became dyspneic at rest and 
experienced severe itching. 

Twelve years before admission the patient en- 
tered another hospital for the removal of a mass 
in the soft tissue about the right elbow that had 
been growing for seven years. The mass was diag- 
nosed as osteogenic sarcoma. He refused amputa- 
tion but received x-ray therapy. 

Physical examination revealed a pale, dyspneic 
man, with many excoriations over the arms and 
legs. The breath was uremic. No hemorrhages or 
exudate was seen in the fundi. The chest was clear 
except for dullness to flatness and diminished tactile 
fremitus over the left base posteriorly. The size 
of the heart could not be estimated. The sounds 
were of good quality. There was slight pitting 
edema of the hands and feet. 

The temperature was 98.6°F., the pulse 88, and 
the respirations 35. The blood pressure was 200 
systolic, 100 diastolic. 

The urine had a specific gravity of 1.008 and a 
pH of 4.5 and gave a +++ reaction for albumin; 
the sediment was loaded with red cells and nu- 
merous white cells. Examination of the blocd dis- 
closed a hemoglobin of 7 gm. and a white-cell 
count of 16,000, with 84 per cent neutrophils. 
The nonprotein nitrogen was 190 mg., the cal- 
cium 5.4 mg., and the phosphorus 6.6 mg. per 
100 cc.; the carbon dioxide was 10.4 milliequiv. per 
liter. A roentgenogram of the chest showed a large 
accumulation of pleural fluid on the left, which ex- 
tended to the mid-thorax. A rounded density was 
observed adjacent to the left hilar region. It meas- 
ured roughly 4 by 5 cm. and extended to the mid- 
lung field (Fig. 1). Increased markings, thought to 
be due to congestive heart failure, were present. 

The patient was sedated and given calcium, 
Amphojel and digitalis. He improved sympto- 
matically, but the blood chemical findings were 
altered very slightly. On the fifth hospital day 
1050 cc. of yellow, turbid fluid was removed from 
the left pleural space; this contained 2000 red 
cells and 250 white cells, mostly lymphocytes, per 
cubic millimeter, and had a specific gravity of 1.012. 
A smear was negative for tumor cells. Beginning 
on the sixth hospital day, occasional generalized 
convulsions occurred. The serum calcium at this 
time was 4.9 mg., and the phosphorus 10.7 mg. 
per 100 cc. The urine remained acid (pH of 5), 
and the specific gravity remained at 1.008 to 1.010. 
All specimens of urine examined gave a ++ or 
+++ reaction for albumin. After the first speci- 


men was examined no red cells could be identified, 
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and only one other specimen contained a few white’? 
cells; casts were infrequently seen. Transitory 
auricular fibrillation occurred on the sixth hospital 
day. An x-ray film showed clearing of the lung 
fields, but the mass remained and contained areas 
of speckling. Lumbar puncture on the seventh 
day revealed clear spinal fluid that contained no 
cells, and had 54 mg. of protein per 100 cc. The 
convulsions, which he continued to have, were 
described as beginning on the left side, with dimin- 





Ficure 1. 


ished reflexes in the left arm and leg. He remained 
semistuporous and died on the nineteenth hospital 
day. 


DIFFERENTIAL D1acGnosis 


Dr. Rita M. KeEttey*: May I see the x-ray films? 

Dr. Wituiam R. Eyer: We have two sets of 
chest films taken five days apart. In the antero- 
posterior film taken with the patient lying in bed, 
there is a good-sized collection of fluid obscuring 
the left lower portion of the chest. The mass de- 
scribed in the protocol is seen in the upper 
lobe lying close to the lung root, I think, and away 
from the bronchus. There is a collection of small 
calcifications, but in the lateral view I cannot be 
certain that the calcifications are not superimposed 
on the lesion. I think the left lower lobe is somewhat 
reduced in size. I cannot exclude the possibility 
of a primary lung tumor. A metastasis from a kid- 
ney might give this appearance. 

The bones show fairly marked degenerative 
changes. There is some wedging of the thoracic 
bodies but no bone destruction. The changes could 
be on the basis of osteoporosis. In later films made 


*Assistant in medicine, Massachusetts General Hospital. 
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with the patient in a sitting position (Fig. 1), 
the mass is again seen, the heart is enlarged with 
nonspecific configuration, the aorta is elongated, 
and fluid again obscures the left lower portion of the 
chest. 

In the abdominal films, the left kidney, I believe, 
is small. I cannot see the lower pole adequately. 
I cannot trace the right kidney. The spleen is 
probably not enlarged. The liver may be enlarged; 
its right lobe is below the costal margin. The dia- 
phragm is fairly low. There is no bone destruction. 
The films are of a poor quality so I am sure I could 
miss an abdominal mass. 

Dr. Ketter: This fifty-nine-year-old man en- 
tered the hospital in a terminal status, bearing the 
stigmas of two major pathologic processes: renal 
disease and a mass in the chest, along with the 
history of a malignant tumor that commonly 
metastasizes to the lungs. I think the two are un- 
related and should like to discuss the former first as 
the likeliest cause of death. 

This patient died manifesting most of the classi- 
cally described signs of advanced uremia of fairly 
long standing: hypertension, anemia, edema, pruri- 
tus, convulsions, urine of fixed specific gravity, 
albuminuria, hematuria, elevated nonprotein nitro- 
gen, hyperphosphatemia, hypocalcemia and aci- 
dosis. The pleural effusion may have been a conse- 
quence of uremia with congestive heart failure or 
of the independent pulmonary disease. The one 
discordant note in the uremic picture is the absence 
of obvious alteration in the fundi. I should like to 
think they were not adequately visualized because 
of narrowness or fixation of pupils, but I have no 
way of knowing whether this was so. In any event, 
while unusual, this isolated negative finding can- 
not detract significantly from the remainder of the 
clinical and laboratory picture. There was good cir- 
cumstantial evidence that the process had been 
evolving for considerably longer than one year 
prior to his death, in that anemia, hypertension, 
nocturia, facial edema and probably hematuria 
were present at that time. 

There come to mind four major entities that can 
produce in their terminal phases the nonspecific 
uremic syndrome. When the patient is seen for the 
first time already enmeshed in the throes of irre- 
versible uremia, the precipitating process can be 
surmised only in retrospect and only provided an 
adequate history is available. These four conditions 
are hydronephrosis and pyonephrosis causing an 
obstruction, with gradual destruction of the renal 
parenchyma; long-standing pyelonephritis; arterio- 
lar nephrosclerosis secondary to malignant hyper- 
tension; and chronic glomerulonephritis. 

The first of these is possible, perhaps, on the basis 
of pelvic carcinoma with obstruction of the ureters. 
Such a lesion might be related to the pulmonary 
mass and one could even postulate cerebral me- 
tastases resulting in convulsions with some localiz- 
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ing signs. However, it is very unlikely that such 
advanced pelvic disease could be present for more 
than a year without causing death or at least other 
evidence of an advancing malignant process. I have 
no reason to suspect more benign causes of obstruc- 
tion. One small point against this type of renal 
destruction is the fact that the one kidney shadow 
discerned by Dr. Eyler is believed to have been 
small. I might expect an enlargement of the 
kidneys behind a total obstruction. 

Chronic pyelonephritis is a more difficult pose 
sibility to discard. I have no real evidence for or 
against it. Evidence of active infection need not 
persist into the end-stage of chronic pyelonephritis. 
The patient did show few to numerous white cells 


_ in various specimens, but this can occur in advanced 


renal disease whatever its etiology. Without a past 
history suggestive of acute pyelonephritis, I can 
say only that a burned-out chronic pyelonephritis 
is a possibility but is less likely than one of the two 
remaining categories. 

In a recent article, Saphir and Taylor* present 
evidence that the renal lesion in so-called malignant 
hypertension is most commonly a diffuse chronic 
pyelonephritis rather than the classic arteriolar 
nephrosclerosis usually described in conjunction 
with this syndrome. Did this man have malignant 
hypertension leading to one or the other of these 
pathologic entities? Or did he have the fourth of 
my original list, chronic glomerulonephritis? Again, 
the history is not too helpful in reconstructing the 
initial phases of the disease. Statistically, the age 
of the patient is somewhat against either of these 
diagnoses, since both malignant hypertension and 
chronic nephritis usually lead to death before the 
fifth decade. Nevertheless, individual patients do 
survive much longer, and cases in clinicopathologi- 
cal conferences rarely conform to statistics. The 
episode that this patient experienced a year be- 
fore death, with facial edema, nocturia and hema- 
turia, is a little more suggestive of chronic glomeru- 
lonephritis than of nephrosclerosis. I do not know 
the level of the blood pressure at that time, but a 
single reading in the terminal episode was 200 sys- 
tolic, 100 diastolic. The level is usually maintained 
at higher readings than this in malignant hyper- 
tension, but one can conclude little from a single 
reading. The disappearance of red cells from the 
urine in the terminal phase is somewhat disturbing; 
continued microscopic hematuria is commonly 
seen in chronic nephritis, but is likely to be inter- 
mittent in nephrosclerosis or in Saphir’s pyeloneph- 
ritis lenta. The negative eye grounds, if this find- 
ing is valid, are unusual in either condition, but 
are practically incompatible with the diagnosis 
of malignant hypertension. Of these possibilities, 
I favor chronic glomerulonephritis, with convul- 


101 tea, oo 7 Taylor, B. Pyelonephritis lenta. Ann. Int. Med. 36: 
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sions on the basis of uremia and hypocalcemia, 
rather than hypertensive encephalopathy. 
What was the nature of the pulmonary lesion? 
I cannot conceive of a direct relation between it 
and the fatal renal disease and must regard it as an 
incidental finding. Was it related to the pleural 
effusion? The nature of the effusion does not allow 
one to classify it unequivocally as a transudate or 
an exudate. However, its presence and nature 
were perfectly compatible with the diagnosis of 
nephritis and uremia, and it is unnecessary to postu- 
late the existence of a pleural neoplastic process 
related to the solitary mass. 
Such a solitary, calcium-containing lesion may 
be benign or malignant. If benign, I may choose 
among the whole gamut of possible “red herrings” 
that can inhabit this location, perhaps a cyst 
with a calcified wall or a tuberculoma as the lead- 
ing contender. If malignant and calcium containing, 
it is more likely to have been metastatic than 
primary. Rather than make a third independent 
diagnosis in the presence of primary renal disease 
and a history of a malignant bone tumor, it seems 
reasonable to relate this mass to the previous tumor. 
This is said to have been an osteogenic sarcoma. 
Its history is quite unusual for an osteogenic sar- 
coma. This bone tumor, a highly malignant one, 
commonly occurs in a younger age group unless 
associated with Paget’s disease or as a result of 
malignant changes occurring in a previously be- 
nign chondroma, which may have occurred in the 
case under discussion. The presence of pain usually 
causes the patient to seek medical aid long before 
seven years have passed. The lesion metastasizes 
early. The type of treatment given this man was 
totally inadequate to deal with a tumor of this 
nature. Osteogenic sarcomas are not radiosensitive 
and local excision is hardly the treatment of choice 
for a lesion whose five-year survival rate, even when 
treated with amputation, is less than 20 per cent. 
Nevertheless, there are types of osteogenic sarcoma 
of the sclerosing, fibrous and cartilaginous forms that 
are more indolent, less malignant and less painful 
than the commoner, more anaplastic type. Such 
lesions have been known to produce pulmonary 
metastases as late as fifteen years after removal of 
the primary tumor. Such delayed metastases are 
often solitary and frequently show flecks of calcium. 
I shall therefore call the pulmonary lesion metastatic 
osteogenic sarcoma of a relatively low grade of 
malignancy. Perhaps recurrent disease will also be 
found in the region of the original site of the tumor. 
If so, one might expect an elevated alkaline phos- 
phatase, but I am told this man had a normal value. 
In summary, and with the weight of statistics 
heavily against me, I think the diagnoses are chronic 
glomerulonephritis, with a pleural effusion on this 
basis, and metastatic osteogenic sarcoma. 
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Cuinicat Diacnosis 
Generalized neoplastic disease, ?osteogenic sar- 
coma, ?bronchogenic carcinoma. 
Dr. KELLEY’s D1aGNosEs 
Chronic glomerulonephritis, with pleural effusion. 
Metastatic osteogenic sarcoma. 
ANATOMICAL DIAGNOSES 


Chronic glomerulonephritis. 

Metastatic chondrosarcoma of lung (after twelve 
years). 

Hydrothorax, left. 


PaTHOLOGICAL Discussion 


Dr. Davin Kaun: The post-mortem examination 
on this patient showed a number of interesting find- 





Ficure 2. 


ings. First, Dr. Kelley was quite right about the 
cause of the renal failure: the patient did have 
chronic glomerulonephritis. Grossly, the kidneys 
did not appear as end-stage, small, contracted kid- 
neys but weighed 300 gm. and had only a mod- 
erately granular surface and some irregular atrophy 
of the cortex. However, histologically almost 
every glomerulus was involved, the changes vary- 
ing from complete fibrosis of the glomerulus to 
intercapillary fibrosis with stiffening of the tufts. 
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No completely uninvolved glomeruli were found. 
An occasional epithelial crescent could still be made 
out, but there was no other evidence of an acute or 
active process. There was, of course, a great deal 
of tubular atrophy with interstitial fibrosis. There 
was certainly very little normal renal parenchyma 
left. 

The left pleural cavity contained 200 to 300 cc. of 
fluid. The left lower lobe of the lung was firm and 
indurated and almost completely replaced by a 
tumor 7 by 6 by 6 cm. in diameter. There was a nar- 
row rim of lung surrounding the tumor peripherally. 
The tumor was gray and firm and contained a few 
gritty areas of calcification. There was an extension 
of the tumor along the inferior pulmonary vein into 
the left atrium. There was a second separate tumor 
mass 4 by 3 by 3 cm. in diameter in the lingula 
of the left upper lobe quite close to the hilus. When 
sections of the tumor were compared with the sec- 
tions of the tumor removed from the region of the 
elbow twelve years before, it was evident that in cer- 
tain areas they were almost identical; there is no 
doubt that the lung tumors were metastases. 
Definite classification of this tumor is somewhat 
difficult. At the operation the tumor was extra- 
osseous, with no connection to bone, but appeared 
to arise from a fascial sheath with no capsule or 
other sharp line of demarcation from the surround- 
ing muscle that it had infiltrated. At post-mortem 
examination, except for the scar, nothing was found 
in the elbow at the site of the original tumor. When 
we reviewed the original sections shortly after the 
patient was admitted, we believed that malignant 
synovioma was most compatible with the histology, 





position and clinical course. When we examined 
sections from the tumor in the lung it became evi- 
dent that one of the cardinal features was cartilage 
formation. The tumor was composed of cords and 
strands of small undifferentiated polygonal cells, 
which were divided by bands of hyaline material 
that in many areas took on the staining quality of 
cartilage. In other areas there were large clumps of 
poorly formed but easily recognizable cartilage 
(Fig. 2) and an occasional band of poorly formed 
osteoid that in some areas was calcified. The car- 
tilage appeared to be definitely neoplastic and not 
metaplastic. We think this tumor should be classi- 
fied as a chondrosarcoma with metaplastic bone 
formation; certainly, its growth pattern with the 
slow course, massive lung metastases and invasion 
of the pulmonary veins and left atrium are what is 
often seen with a chondrosarcoma. Others might 
consider osteogenic sarcoma, chondrosarcoma type, 
a better name. Recently, we have seen 2 other 
cases of bone tumors with somewhat similar his- 
tology, one with multiple bone lesions and the other 
with a solitary lesion in the wrist. Both these 
patients had only local treatment with local recur- 
rences twelve and fifteen years later, and the question 
arises, What should now be done for these patients? 
The recognition of this group of tumors, if possible, 
is therefore of more than academic interest. We did 
not have permission to examine the brain in the 
case under discussion; with the tumor growing into 
the left auricle a tumor embolus is certainly a pos 
sibility. The heart was hypertrophied, weighing 
590 gm., and the liver showed an incidental portal 
cirrhosis. 
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FATAL APLASTIC ANEMIAS FROM 
CHLORAMPHENICOL 


THE first reports on the antimicrobial action of 
chloramphenicol (Chloromycetin) appeared in the 
latter part of 1947.1»? During the following yeer a 
number of publications described in detail its anti- 
microbial and pharmacologic properties and the 
results of a few limited clinical trials. Subsequently, 
its chemical structure was described; this proved 
chloramphenicol to be chemically the simplest of 
the important antibiotics and its synthesis was 
readily achieved. The structure of chloramphenicol 
is essentially that of an analogue of ephedrine; 


however, because it contains a nitrobenzene moiety, 


it is reminiscent of a number of substances that have 
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been implicated as the causes of serious and often 
fatal toxic depression of the bone marrow. 
Cognizant of this possibility, the manufacturer 
subjected the compound to rigorous tests of toxicity 
in animals. In these tests, although changes in the 
blood picture were observed, they were infrequent, 
relatively slight and transient, with return to normal 
during prolonged and continuous administration 
of even moderately large doses. Because of the 
results of these tests in animals and since toxic 
effects were not observed in reasonably extensive 
clinical trials, some of which included adequate 
hematologic controls, chloramphenicol was made 
available to physicians generally in January, 1949. 
The drug soon achieved wide acceptance along 
with the other broad-spectrum antibiotics. Although 
physicians generally have shown a preference for 
one or another of the broad-spectrum antibiotics 
for various reasons, chloramphenicol has been 
generally conceded to be the drug of choice only 
under certain circumstances: for the treatment of 
typhoid fever, in which it has produced better 
clinical results than any other agent; for infections 
with susceptible strains of Proteus vulgaris (Bacillus 
proteus), since most strains of this organism are 
resistant to the other broad-spectrum antibiotics; 
and for infections with selected strains of other 
organisms, including staphylococci, which are re- 
sistant to other agents but are sensitive in vitro to 
chloramphenicol. Also, gastrointestinal symptoms, 
including nausea, vomiting and diarrhea are some- 
what less frequent with chloramphenicol so that it 
is sometimes more acceptable to certain patients. 
Many physicians, however, have used chloram- 
phenicol, as they have other drugs, as a general 
antimicrobial agent for the treatment or prophy- 
laxis or both, of many or all infectious diseases, 
including respiratory, genitourinary, gastrointestinal 
and wound infections. In the management of chronic 
infections it has been prescribed in varying doses, 
continuously or intermittently over long periods. 
As with other drugs, certain toxic effects, such as 
rashes and other manifestations of sensitivity, have 
been expected and encountered; these, however, 
have not proved to be frequent or serious. Many 
observers who have reported on extensive groups of 


cases, including some who were specifically on the 
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lookout for evidences of injury to the blood and 
other specific organs, have noted and mentioned no 
serious toxie reaction referable to these organs. 
Mild and transient neutropenias have been noted 
during treatment of cases of typhoid fever, but they 
have not been considered important. 

In April, 1950, the late Dr. Volini and his associ- 
ates* reported 3 cases of granulocytopenia that they 
attributed to chloramphenicol. One of them was 
associated with severe anemia, but all showed defi- 
nite inhibition of maturation of both erythroid and 
myeloid elements in the bone marrow. Platelets 
were mentioned in only 1 case and were said to be 
normal. All 3 of these patients had received a 
single course of chloramphenicol consisting of 26 
to 53 gm. in nine to nineteen days, and the blood 
picture returned promptly to normal when the 
drug was stopped. In December, 1950, Rich et al.‘ 
reported the first fatal case of aplastic anemia 
following chloramphenicol therapy. Since the first 
‘of this year, however, 20 additional fatal cases 
have been reported®!°; there were also some cases 
of persistent hypoplasia of the bone marrow in 
patients who. were still living at the time of the 
reports. 

The course of events in almost all these cases 
has been quite similar. These patients, unlike those 
in the cases reported by Volini et al.,3 had received 
intermittent or repeated courses of chlorampheni- 
col in varying doses and usually over periods of 
several months. The blood dyscrasia was usually 
not recognized until some time after the drug had 
been discontinued, or only while they were receiving 
an additional course, and was first manifested by 
purpuric manifestations of the skin or bleeding 
episodes or both. Thrombocytopenia was then 
demonstrated and was associated with leukopenia 
and granulocytopenia, sometimes approaching 
agranulocytosis. The level of the circulating hemo- 
globin and erythrocyte counts varied, depending 
on the duration of symptoms and the amount of 
bleeding or of recent transfusions. Bone-marrow 
studies revealed a general depression of erythroid 
and myeloid elements that failed to improve with 
any type of therapy. Death occurred after varying 
periods and was usually associated with hemorrhage 
Whereas 


either intracranial or gastrointestinal. 
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all these patients had received chloramphenicol, a 
few of them had also ingested or been otherwise 
exposed to other substances that might have been 
implicated. In the majority, however, chlorampheni- 
col was clearly the offending agent, and in‘the others 
it appeared to be the most likely one. 

Whether any of these severe toxic effects from 
chloramphenicol are reversible or whether, as in 
cases of benzol (benzene) poisoning, irreversible 
changes in the bone marrow may result from the 
proper exposure in the proper subject, cannot be 
stated at present. It appears from the report of 
Volini et al. that at least some cases of bone-marrow 
depression resulting from a single course of chloram- 
phenicol of relatively short duration may be re- 
versible. However, it is still possible that re-ex- 
posures even in such patients may result in irre- 
versible damage. 

It is at present by no means clear just how fre- 
quently this serious complication of chlorampheni- 
col therapy has been observed in its incipiency and 
ignored or attributed to other causes. Nor is it 
known how many deaths may have occurred from 
this cause and been ascribed to the underlying dis- 
ease that was being treated or to other causes. The 
Food and Drug Administration and the Council on 
Pharmacy and Chemistry of the American Medical 
Association have been aroused by these and many 
similar reports, particularly from hematologists to 
whom most of these patients have been referred as 
cases of aplastic anemia, granulocytopenia or throm- 
bocytopenic purpura. An editorial appeal" has 
been made to physicians who observe hitherto un- 
reported toxic effects either to prepare detailed 
case reports for publication in medical journals or to 
advise the Council of the pertinent facts in such 
cases so that it would have a secure basis for early 
authoritative reports or warning statements. The 
Food and Drug Administration now has several 
medical officers and inspectors who are conducting 
a survey throughout the country in an attempt to 
determine how many cases of this serious complica- 
tion of chloramphenicol actually have occurred. 
This was done because more than 40 cases of serious 
blood dyscrasias with 15 deaths (all from aplastic 
anemia) had been called to their attention. It is 
important to appreciate, however, that in spite of 
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this alarming disclosure, the incidence of these 
severe reactions, at least from the data presently 
available, is very small, — probably less than 0.001 
per cent or possibly as low as 1:400,000 patients 
treated with chloramphenicol. 

These findings, nevertheless, 
that physicians who undertake to prescribe chlor- 
amphenicol exercise the same caution that is required 
when they administer any other highly useful but 
potentially dangerous drug. In the first place such 
drugs should not be given unless the physician is 
satisfied that the expected therapeutic effect out- 
weighs the possible risk involved; moreover, if an 
equally effective agent is available for the disease in 
question and can be given with far less risk, it is to 
be preferred. But, most important of all, these 
recent reports should impress upon the physician 
not to prescribe powerful drugs frequently, for 
minor ailments or for long periods without the 
greatest circumspection. 

It is also well to point out that similar effects to 
those observed from chloramphenicol on the bone 
marrow have not thus far been reported from 
penicillin, aureomycin or terramycin. However, 
with respect to Streptomycin, 1 case of thrombocy- 
topenic purpura," 2 fatal cases of aplastic anemia and 
2 others with apparent recovery after severe bone- 
marrow depression attributed to that antibiotic have 
been reported.-!§ Physicians will do well to heed the 
following remarks, which appeared in a recent sum- 
mary of blood diseases induced by drugs!®: 


make it essential 


Drugs which are capable of having an adverse effect on 
the blood are numerous and, as chemotherapy devclops 
with the introduction of new organic compounds, including 
antibacterial, antihistaminic, anticonvulsant and sedative 
preparations, the list will grow. Fortunately the serious 
effects are comparatively rare but this rarity should not 
be an excuse for forgetting that such hazards exist. They 
should be remembered at the time when the drug is pre- 
scribed and prompt haematological examination made 
should there be any clinical suspicion of their development. 


This admonition is highly important in view of the 
fact, pointed out by Dameshek,?’ that there is as yet 
no good method for measuring in advance the tend- 


ency of new drugs to cause hematologic reactions. 
The basic pharmacologic and toxicologic studies in 


both animals and human beings gave no hint that 


Chloromycetin might induce severe bone-marrow 
reactions. 
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THE COST OF HEALTH 


Every physician is aware that the cost of heaith, 
or to put it more comprehensively the cost of the 
various services that medicine has to offer in the 
pursuit and the maintenance of health, constitutes 
today a major economic problem. Important as it 
is in a country such as this, still prosperous despite 
its unparalleled extravagances, how much more 
vital it is to the national economy of those countries 
whose resources have suffered from the destructive 
impact of repeated wars, continued military ex- 
penditures and increasing industrial competition! 

Ffrangcon Roberts,* in The Cost of Health, pub- 
lished this year in London, presents a critical analy- 
sis of the socialization of medicine as it applies to 
Britain, in conjunction with a consideration of the 
whole present economic situation of his country. 
How soon similar conditions may prevail in coun- 
tries more prosperous no one can say, but it must 
seem fairly obvious that any planning for the present 
and the immediate future, however urgent, should 
not disregard the long-range possibilities. The costs, 
as always, are the hardest of the facts that are en- 
countered, and sometimes the hardest to view realis- 
tically. Thus the Beveridge Report in 1942 esti- 
mated the cost of a national health service at 
£170,000,000; in 1952 it is £400,000,000 having 
been held down to this figure by the Treasury, with 
many of the demands on it left unsatisfied. 

An outstanding factor in explaining this great 
increase — a factor not fully appreciated in 1942 — 


is that “the unparalleled progress which has been 
*Roberts, F. The Cost of Health. 200 pp. London: Turnstile Press, 1952. 
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made in the last fifty years in the conquest of dis- 
ease has resulted in, or at least has been accom- 
panied by, a greater demand for treatment and a 
greater inadequacy of supply than has ever existed 
in our history.” This increasing cost and the actual 
effect that good medicine has had on sickness and 
health have forced government, in Great Britain 
and other countries, to step in and try to provide 
this modern medical service for those who could 
not otherwise have it. 

For even in a decade “medicine has undergone 
little short of a revolution; it is advancing more 
rapidly than the capacity of statesmen and adminis- 
tration to deal with it.” 

Increasingly the advances in medicine are be- 
coming not only more costly but relatively less 
effective. The simple and comparatively inexpensive 
product of Jenner’s native genius was and remains 
a greater contribution to human health than all 
the antibiotics put together. This mass preservation 
of life in the young and strong has shifted toward a 
costly amelioration only of the ravages of chronic 
disease later in life, with the economic problems 
that this prolongation raises. The costs of medical 
progress have increased as its effectiveness has de- 
creased, and its value must be measured more from 
the emotional and humanitarian than from the 
economic point of view. 

This ‘medicated survival” into old age has far 
outstripped in both cost and degree all other im- 
provements in the scale of living. The young who 
have already been saved by the conquest of so many 
of the acute diseases “survive eventually to join the 
old and therefore to suffer diseases which cannot 
be cured” —even if they can be ameliorated at 
great cost. A balance must eventually be struck 
before the health services that are demanded bank- 
rupt the nation; the sinister decision that has too 
often had to be made between guns and butter may 
have added to it a choice of cortisone or bread. 

As Roberts phrases it, ““We are face to face with 
the paradox of unlimited progress towards an un- 
attainable objective, unlimited expansion against 
an inexpansile circumference.” Without 
reasonable checks and balances to replace the 
natural ones that it has pushed aside, medicine 


some 


will continue to hasten the human race toward the 
inevitable final struggle between its own increasing 
numbers and the capacity of even a well tilled earth 
to support them. 
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A CO-OPERATIVE STUDY 


THE evaluation of drugs has always presented 
formidable difficulties. 
involved when the natural course of the disease is 


A particular problem is 


irregular and the therapeutic agents have multiple 
effects, many of which are not clearly understocd, 
Many years inevitably transpire before a considered 
judgment can be rendered by the medical profes- 
sion. The effects of ACTH and cortisone on rheu- 
matic fever present such a problem. It is therefore 
fortunate that a co-operative study has been under- 
taken in thirteen research centers in the United 
States, Great Britain and Canada by the American 
Heart Association’s Council on Rheumatic Fever in 
conjunction with the British Medical Research 
Council to determine the relative values of ACTH, 
cortisone and aspirin. A preliminary report was 
recently made by the panel of which Dr. David D. 
Rutstein was chairman. 

Of an anticipated total of 750 cases to be studied, 
the preliminary results of approximately 300 have 
been analyzed for changes in symptoms, signs and 
laboratory observations commonly considered im- 
portant in an evaluation of the course of acute rheu- 
matic fever. The initial results indicate that no 
one of these drugs is clearly superior to the other. 
The final conclusion of this study, when a larger 
series of observations has been made, will provide 
valuable information for the optimal treatment of 
all persons afflicted with acute rheumatic fever. 





Cases of hydrophobia are represented to be 
quite frequent in Paris. Dogs are petted there more 
than any where else. 


Boston M. & S. J. August 4, 1852 
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DEATHS 


Drew — Charles A. Drew, M.D., of Worcester, died on 
July 9. He was in his ninety-fourth year. 

Dr. Drew received his degree from University of Vermont 
College of Medicine in 1884. He was formerly assistant physi- 
cian at Taunton State Hospital, assistant superintendent, 
Medfield State Hospital, director, Bridgewater State Farm 
and superintendent, Worcester City Hospital. He was 4 
member of the New England Society of Psychiatry. 

Hejiis survived by a daughter. 
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Lewis — Arthur C. Lewis, M.D., of Fall River, diced on 
July 6. He was in his seventy-ninth year. 

Dr. Lewis received his degree from College of Physicians 
and Surgeons of Baltimore in 1893. He was formerly city 
physician and ex-officio chairman of the Board of Health in 
Fall River and was a member of the staff of Fall River Gencral 
Hospital. He was a fellow of the American Medical Associa- 
tion. 

He is survived by his widow and a daughter. 


Mackay — Edward H. Mackay, M.D., of Clinton, dicd 
on July 10. He was in his seventy-ninth year. 

Dr. Mackay received his degree from Harvard Medical 
School in 1898. He was a fellow of the American College of 
Surgeons and recently received a certificate of fifty years’ 
membership in the Massachusetts Medical Society. 

He is survived by his widow, a daughter, a son and two 
sisters. 





CORRESPONDENCE 


RESTORATION OF LICENSE 
To the Editor: At a meeting of the Board of Registration in 
Medicine held on July 8, 1952, it was voted that the registra- 
tion of Dr. Robert Barry Bigelow be restored. 
Rosert C. Cocurane, M.D. 
Secretary 
Board of Registration in Medicine 
State House 
Boston 


REVOCATION OF LICENSE 


To the Editor: At the mecting of the Board of Registration in 
Medicine held November 8, 1951, it was voted to revoke 
registration to practice medicine of Dr. James A. MacQucen, 
1085 Boylston Street, Boston. 

Rosert C. Cocurane, M.D. 
Secretary 
State House 
Boston 


COOPERATIVE HEALTH: FEDERATION 
OF AMERICA 

To the Editor: The resolution quoted below was :adopted 
at the sixth annual meeting of the Cooperative Health Federa- 
tion of America just concluded in Toronto, Canada. 

We are sending it to you with the earnest request that it be 
published in the New England Journal of Medicine since we 
sincerely believe that the resolution is directed at action 
that would serve..immeasurably to strengthen the whole 
cause of the development of voluntary health plans in the 
nation. 

Jerry Vooruis 
Executive Secretary 


WHEREAS, the Cooperative Health Federation of 
America and the American Medical Association in 1949 
jointly formulated and agreed upon Twenty Principles 
which were to form the basis of approval of voluntary lay- 
sponsored health plans, and 

WHEREAS, in the ensuing three years the American 
Medical Association nationally has failed to take con- 
structive steps to implement this agreement and has on 
several occasions made its own interpretations of the 
Twenty Principles without consulting the other parties to 
the agreement, and 

WHEREAS, although a score of voluntary lay-sponsored 
_ have met the standards set up in the agreement and 

ave applied for approval, in no more than one or two 
cases have they received any real consideration from the 
American Medical Association or its local constituent 
societies, 

BE IT RESOLVED, that the Cooperative Health Fed- 
eration urge the American Medical. Association to observe 
the letter and spirit of the agreement of 1949 by taking 
steps to implement the agreement. We further earnestly 
urge the American Medical Association to advise its local 
constituent societies that the American Medical Associa- 
tion supports the plan as agreed upon, and to urge local 
societies to give prompt and sympathetic consideration to 
the applications for approval submitted to them by the 
voluntary lay-sponsored prepayment health plans. 


CORRESPONDENCE 








INFORMATION REQUESTED 


To the Editor: Isoniazid (Isonicotinic Acid Hydrazide) 
and Iproniazid (1-Isonicotinyl-2-Isopropylhydrazine) are 
being given to many patients with tuberculosis throughout 
the United States and in many other countries. Toxic re- 
actions to both drugs have been reported, and more un- 
doubtedly will occur. However, it is unlikely that any single 
investigator will observe enough of these toxic reactions in 
the next few months to warrant publication. The Com- 
mittee on Therapy of the American Trudeau Society is anxious 
to collect reports of these toxic reactions, so that a consoli- 
dated report can be made available to the medical profession 
as soon as possible. 

Any physician who is willing to submit such reports to 
the Committee is asked to send a bricf case report to the 
Committee on Therapy, American Trudeau Society, care of 
Dr. D. T. Carr, 102-110 Second Avenue Southwest, Rochester, 
Minnesota. The report should include the patient’s name or 
initials, his age, sex, race, diagnosis, weight, the drug adminis- 
tered and its dosage, the duration of treatment and a list of 
other drugs being given at the same time. The toxic reaction 
should be described fully, together with information about 
its recurrence if the same drug was given later. 

Copies of the consolidated report will be sent to all con- 
tributors, but will not be published in such a way as to pre- 
clude individual publication. 

D. T. Carr, M.D. 
Committee on Therapy ' 
American Trudeau Society 


Rochester, Minnesota 


APPARENT ONLY 


To the Editor: The able editorial entitled ‘Emergency 
Maternity and Infant Care” in the May 8 issue of the Journal 
has just come to my attention. I am concerned with the 
apparent complacency of the sentence at the end of the second 
paragraph: “‘. . .it is official policy that dependents of service- 
men are cligible for health and medical care from military 
personnel in military hospitals.” 

Is it realized that with more people being drawn into mili- 
tary service, the time is approaching when the majority of 
the population will be servicemen or veterans or their de- 
pendents? What will the situation be if the majority of the 
population should find themselves eligible for hospitalization - 
and medical care in federal institutions? 

Who provides care in military hospitals? Is it not largely 
doctors who have volunteered — perhaps under threat of the 
draft? These doctors are on salary and are, in effect, federal 
employees. Many of them have given up civilian practice to 
enter military service. Should these doctors who have made 
such sacrifice be called upon to treat civilians? Is this the 
function of military medicine? 

Nearly a hundred thousand babies per year are born in 
military hospitals at the present rate. In the last half of 1951, 
more than three million outpatient treatments were given to 
dependents in military hospitals (as stated on P. 220 of 
hearings on S. 2337). How many doctors were drawn from 
civilian practice to provide these services to civilians in 
military hospitals? 

Somehow, the voluntary system must be enabled to pro- 
vide care for these people, instead of. teaching them to be- 
come dependent upon the paternalistic benefits of the federal 
government. How can this be done? The American Hospital 
Association testified at the hearings reported in the editorial, 
and I believe its testimony will be of interest. 

‘An emergency measure is one thing; a bill with long-term 
implications passed as emergency Icgislation during the long- 
term ‘cold war’ is another.” Docs it not seem that the status 
quo has grave implications too? 

Ausert V. WuiTEHALL, Director 
Washington Service Bureau 
American Hospital Association 


Washington, D. C. 











BOOK REVIEW 


Medical Aspects of Civil Defense: Series of special articles 
reprinted from the Journal of the American Medical Association. 
8°, paper, 130 pp. Chicago, Illinois: Council on National 
Emergency Medical Service, American Medical Association, 

1952 
The medical profession has an important part in the over- 
all organization of civil defense. This pamphlet sponsored by 
the special council of the American Medical Association brings 
together in one place a series of articles written by a number 
of authoritics on various aspects of the medical program. 
The subjects treated include general organization, medical 
and health services, local tactical planning and logistics, 
biologic welfare, chemical defense, atomic burn and radiation 
injury, radiologic aspects, nature of air-raid casualties, mental 
health and the physical injuries caused by an atomic bomb. 
The papers are written in a concise, clear manner, and the 
publishing is excellent. The pamphlet is recommended to 
all physicians. It may be obtained from the office of the 
Association, 535 North Dearborn Street, Chicago 10. 
, ©. 


BOOKS RECEIVED 


The receipt of the following books is acknowledged, 
and this listing must be regarded as a sufficient return 
for the courtesy of the sender. Books that appear to be 
of particular interest will be reviewed as space permits. 
Additional information in regard to all listed books 
will be gladly furnished on request. 


Physical Medicine and Rehabilitation for the Aged. By Walter 
S. McClellan, M.D., medical director, The Saratoga Spa, 
Saratoga Springs, New York, and associate professor of 
medicine, Albany: Medical College. 8°, cloth, 81 pp., with 9 
illustrations. Springfield, Illinois: Charles C Thomas, 1951. 
$2.00. (Publication Number 105, American Lecture Series.) 

This small book covers in brief form the use of physical 
agents in the treatment of the aged. The principal chapter 
discusses their application to the specific medical conditions 
commonly met with in old persons. There is a bibliography 
and a good index. 





Your Diabetes: A complete manual for patients. By Herbert 
Pollack, M.D., associate physician for metabolic diseases, 
Mount Sinai Hospital, New York City. Marie V. Krause, 
M.S., consulting dietitian. Revised edition. 8°, cloth, 212 
pp. New York: Paul B. Hoeber, Inc. 1951. $3.00. 

This manual for patients has been revised to bring it up 
to date. The new diet based on the principle of “exchange” 
of various food units is described, and the new preparations 
of insulin are discussed in detail. The small book is well 
published, and there is a good index. 


Yellow Fever in Galveston, Republic of Texas, 1839: An account 
of the great epidemic. By Ashbel Smith, M. D. Together with 
a biographical sketch by Chauncey D. Leake, and stories 
of the men who conquered yellow fever. 8°, cloth, 135 pp., 
with 2 illustrations and frontispiece. Austin: University 
of Texas Press, 1951. $2.50. 

The classic text of Dr. Smith was published in 1839 
in Houston, and has been a rarity for many years. The com- 
plete text is reproduced, with a biographical sketch of the 
author. The last portion of the text is devoted to short 
sketches of prominent workers in the conquest of yellow fever, 
from Benjamin Rush (1745-1813) to Hideyo Noguchi (1876- 
1928). The publishing is well done and the book is recom- 
mended for all historical collections. 


Physical Medicine and Rehabilitation for the Clinician. Edited 
by Frank H. Krusen, M.D. 8°, cloth, 371 pp., with 96 illus- 
trations and 13 tables. Philadelphia: W. B. Saunders Com- 
pany, 1951. $6.50. 

This composite book is the joint work of twenty-four 
specialists in their particular fields. The text is divided into 
three sections: One and Two, the therapeutic and diagnostic 
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applications of physical agents and procedures; and Three, 
the clinical aspects of physical medicine and rehabilitation, 
There is a good index and the publishing is excellent. The 
book should be in all collections on these subjects. 


Atlas of Genito-Urinary Surgery. By Philip R. Roen, M.D,, 
instructor in urology, New York Post-Graduate Medical 
School, clinical instructor in urology, New York Medical 
College, associate visiting urologist, Morrisania City Hos- 
pital, assistant attending urologist, Midtown Hospital and 
Yonkers General Hospital, and civilian consultant in urology, 
United States Air Force, Mitchel Field Air Base Station 
Hospital. With an introduction by Clarence G. Bandler, 
M.D. 8°, cloth, 325 pp., with illustrations by Charles Stern. 
New York: Appleton-Century-Crofts, Inc., 1951. $8.00. 

This atlas presents simple line drawings of the step-by-step 

progression of operative procedures without too much un- 
necessary explanation. The text is divided into eight sections, 
depicting the operations on the organs of the genitourinary 
tract. The drawings are excellent, the book is well published 
and there is a good index. 
Therapy of Dermatologic Disorders, including a Guide to Diag- 
nosis and a Dermatologic Pharmacopeia. By Samuel M. Peck, 
M.D., dermatologist, Mount Sinai Hospital, New York City, 
associate clinical professor of dermatology, Columbia Uni- 
versity College of Physicians and Surgeons, and medical 
director (R), inactive, U.S.P.H.S.; and George Klein, M.D. 
associate visiting dermatologist, Morrisania City Hospital, 
New York City, acting adjunct, Mount Sinai Hospital, and 
assistant clinical professor of dermatology, New York Medical 
College. 8°, cloth, 384 pp., with 4 illustrations. Philadelphia: 
Lea & Febiger, 1951. $6.50. 

This book is written for the practicing dermatologist and 
is principally devoted to therapeutics. There are special 
chapters on physical therapy and venereal diseases. The 
third part is a dermatologic pharmacopeia, listing in alpha- 
betical order the agents used in the treatment of diseases of 
the skin. There is a valuable appendix on the removal of 
medicinal stains. There is a good index; the book is well pub- 
lished. 


Diseases of the Endocrine Glands. By Louis J. Soffer, M.D., 
associate attending physician and head of the Endocrine 
Research Laboratory and Clinic, Mount Sinai Hospital, New 
York City, and assistant clinical professor of medicine, 
Columbia University College of Physicians and Surgeons. 
8°, cloth, 1142 pp., with 88 illustrations and 3 colored plates. 
Philadelphia: Lea & Febiger, 1951. $15.00. 

In this new book on endocrinology Dr. Soffer has endeavored 
to bring the existing knowledge on the subject up to date. 
The pertinent literature has been surveyed, and extensive 
bibliographies are appended to the various chapters. Dr. 
Arthur R. Sohval has written the section on the gonads, and 
Dr. Henry Dolger that on hypoglycemia, hyperinsulinism and 
diabetes mellitus. An appendix presents laboratory tests 
of endocrine function. There is a good index, and the publish- 
ing is excellent. The book should be in all medical libraries. 


Clinical Laboratory Diagnosis. By Samuel A. Levinson, M.S., 
M.D., Ph.D., director of laboratories, University of Illinois 
Research and Educational Hospitals, Chicago, Illinois, and 
professor of pathology, University of Illinois College of Medi- 
cine; and Robert P. MacFate, Ch.E., M.S., Ph.D., chief, 
bureau of laboratories, Department of Health, City of Chi- 
cago, and assistant professor of pathology, University of 
Illinois College of Medicine. Fourth edition. 8°, cloth, 1146 
pp., with 221 illustrations and 13 plates. Philadelphia: Lea 
and Febiger, 1951. $12.00. 

This new edition of a standard reference book has been 
revised and brought up to date. The authors have had the 
assistance of Louis R. Limarzi, M.D., Clarence W. Muehl- 
berger, Ph.D., and Marion Hood, Ph.D. The chapters on 
hematology and toxicology have been rewritten. Material 
has been added on the biologic assay of the antibiotics, blood 
chemical analysis, with the use of the spectrophotometer, 
electrolyte balance and the determination of the various 
Rh factors. There is a good index, and the: book is well pub- 
lished. It is recommended for all medical libraries. 
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The Temporomandibular Joint. Edited by Bernard G. Sarnat, 
M.D., D.D.S., professor and head, Department of Oral and 
Maxillofacial Surgery, College of Dentistry, and clinical 
assistant professor, Department of Surgery (plastic surgery), 
University of Illinois College of Medicine. 8°, cloth, 148 pp., 
with 52 illustrations. Springfield, Illinois: Charles C Thomas, 
1951. $4.75. (Publication 134, American Lecture Series.) 

This monograph is the joint work of four authors, ortho- 
dontists, pathologists and anatomists. The text is divided 
into six parts, dealing with functional anatomy, histophysi- 
ology, pathology, the contribution of the mandibular condyle 
to the growth of the face, evaluation of Costen’s syndrome 
from an anatomic point of view, diagnosis of some abnormal 
conditions and diagnosis and dental treatment. The illustra- 
tions are excellent and there are 45 references. 


Formulary and Therapeutic Guide. R. Gordon Douglas, Chair- 
man. 12°, cloth, 355 pp. New York: Appleton—Century- 
Crofts, Incorporated, 1951. $3.00. 

The last edition of the formulary of the New York Hospital 
was published in 1937. This new edition has been revised in 
conformation with the United States Pharmacopoeia (four- 
teenth revision, 1950), the National Formulary (ninth edition) 
and New and Nonofficial Remedies of the American Medical 
Association. The material is arranged alphabetically. There 
is a therapeutic index, a table of weights and measures and a 
valuable list of Latin expressions and abbreviations in common 
use. For ashospital that has not compiled its own formulary, 
this schedule could prove very useful. 


Report of the Medical Research Council for the Years 1948- 
1950. Presented by the Lord President of the Council to Parlia- 
ment by Command of His Majesty, July, 1951. 8°, paper, 247 
pp. London: His Majesty’s Stationery Office, 1951. 6s. 6d. 
net. Committee of Privy Council for Medical Research. 

This report discusses the aspects of medical research for 
the period and gives an outline of the research program. A 
full description is given of the establishments and scientific 
staff of the Institute and its affiliates, with summaries of 
research. .A list of publications emanating from the various 
institutions compriscs 68 pages. The report presents a 
picture of medical research in Great Britain. 


Aphorisms of Dr. Charles Horace Mayo, 1865-1939, and Dr. 
William James Mayo, 1861-1939. Collected by Fredrick A. 
Willius, M.D. 16°, cloth, 109 pp. Springfield, Illinois: Charles 
C Thomas, 1951. $2.75. 

The aphorisms of the two doctors Mayo comprise 108 
quotations. The list of references from which the quotations 
are taken number fifty-six. Two appendixes contain the 
so-called last oration by Dr. W. J. Mayo, before a committec 
of the Minnesota State Legislature on March 22, 1917, and a 
letter from Dr. William J. Mayo to the University of Minne- 
sota, written on February 15, 1934. 


Rehabilitation Nursing. By Alice B. Morrissey, B.S., R.N., 
instructor in rehabilitation nursing, New York University— 
Bellevue Medical Center, and supervisor of nursing service, 
Department of Physical Medicine and Rehabilitation, Belle- 
vue Hospital. With a foreword by Howard A. Rusk, M.D. 
professor and chairman of the Department of Physical Medi- 
cine and Rehabilitation, New York University—Bellevue 
Medical Center, and associate editor of The New York Times. 
8°, cloth, 299 pp., with 58 illustrations. New York: G. P. 
Putnam’s Sons, 1951. $5.00. 

This book is the third in the new Modern Nursing Series. 
Previous volumes were Interpersonal Relations in Nursing 
and Nursing in Modern Society. The text is divided into three 
parts: One, the meaning of rehabilitation; Two, nursing, 
principles and procedures; and Three, nursing practice in 
rehabilitation. The publishing is excellent. The type is good 
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and the printing is done on a soft nonglare paper. The series 
should be in all collections-on nursing. 


Tumors of the Skin, Benign and Malignant. By Joseph J. 
Eller, M.D., director, Department of Dermatology, New 
York City Hospital, and consulting dermatologist to French 
Hospital, New York, Morristown Memorial Hospital, Morris- 
town, New Jersey, Monmouth Memorial Hospital, Long 
Branch, New Jerscy, Fitkin Memorial Hospital, Asbury 
Park, New Jersey, Norwalk General Hospital, Norwalk, 
Connecticut, and St. Clare Hospital, New York City; and 
William D. Eller, M.D., assistant in dermatology and syphi- 
lology, University Hospital, New York-Bellevue Medical 
Center, associate attending dermatologist, New York City 
Hospital, and visiting dermatologist, Municipal Sanitarium, 
Otisville, New York. Second edition. 8°, cloth, 697 pp., 
with 550 illustrations and 3 colored plates. Philadelphia: 
Lea and Febiger, 1951. $15.00. 

The authors have thoroughly revised and greatly enlarged 
this special book. The scction on the principles and technic 
of radiation therapy of all classes has been greatly increased 
and improved. A chapter on radiation physics has been 
added. The bibliographies have been brought up to date and 
are comprehensive in scope. There are indexcs of authors and 
subjects, and many illustrations have been added. The 
book should be in all collections on dermatology. 


Studies in Medicine: A volume of papers in honor of Robert : 
Wood Keeton. 8°, cloth, 396 pp., with illustrations. Springfield, 
Illinois: Charles C Thomas, 1951. $8.50. 

This memorial volume was presented to Dr. Keeton on his 
retirement as head of the Department of Medicine at the 
University of Illinois. Fifty-seven of his colleagues and 
friends contributed to the book. The matcrial is arranged in 
twenty categories. A short biography and a bibliography of 
the writings of Dr. Keeton precede the papers. The book is 
well published but suffers from the lack of an index. It should 
be in all collections on clinical medicine. 


Cancer Cytology of the Uterus: Introducing a concept of cervical 
cell pathology. By J. Ernest Ayre, M.D., director, Dade 
County Cancer Institute, Cancer Cytology Center, and chief, 
Cancer Research Department, Medical Research Foundation 
of Dade County, Miami, Florida. 4°, cloth, 407 pp., with 
362 illustrations. New York: Grune & Stratton, Inc., 1951. 
$14.50. 

This new book is essentially an atlas and is well published. 
The illustrations are excellent. There is a bibliography and a 
good index. It should be in all collections on cancer and on 


gynecology. 


Untoward Reactions of Cortisone and ACTH. By Vincent J. 
Derbes, M.D., associate: professor of medicine, Tulane Uni- 
versity of Louisiana School of Medicine, head of Department 
of Allergy, Ochsner Clinic, and visiting physician, Charity 
Hospital of Louisiana at New Orleans, and Thomas E. Weiss, 
M.D., instructor in medicine, Tulane University of Louisiana 
School of Medicine, member of Department of Medicine, 
Ochsner Clinic, and visiting physician, Charity Hospital of 
Louisiana at New Orleans. 8°, cloth, 77 pp. Springfield, 
Illinois: Charles C Thomas, 1941. $2.25. (Publication Num- 
ber 131, American Lecture Series.) 

This small book presents the unusual reactions of cortisone 
and ACTH on'the various systems and organs of the body. 
There are a bibliography of 96 titles and a good index. 


Conteben bei Lungen-tuberkulose. By Dr. H. Kleesattel and 
Dr. W. Giirich. 8°, paper, 154 pp., with 97 i!lustrations. Stutt- 
gart: Georg Thieme, 1951. Kartoniert DM 22.50. Dis- 
tributed by Grune & Stratton, Inc., New York. (Tuber- 
kulose-Bicherei.) 

In this monograph the authors present their experience of 
three years with the use of thiosemicarbazon or “‘conteben”’ 
in the treatment of tuberculosis of the lungs. The clinical 
histories of forty cases are given in detail. There is a bibliog- 
raphy of eighty-eight titles. 
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Reporting Practice in Medical Terminology. Unit One: Key 
to medical terminology. By Queena Hazelton. Second edition. 
8°, paper, 45 pp. Dallas, Texas: American Association of 
Certified Medical Secretaries. 

This pamphlet is the first in a series of five designed for 
medical secretaries. The shorthand outlines are given in the 
Gregg system. There are a series of intensive exercises de- 
signed for sixty words per minute. The system should prove 
valuable to physicians’ secretaries. 


Deficiency Diseases in Japanese Prison Camps. By Dean A. 
Smith and Michael F. A. Woodruff. With an introduction by 
J. Bennet. 8°, paper, 209 pp., with 69 tables and 5 plates. 
London: His Majesty’s Stationery Office, 1951. 6s. 6d. 
net. Privy Council, Medical Research Council Special Re- 
port Series No. 274. 

This report summarizes the results of an investigation of 
prisoners of war confined in Japanese camps for three and a 
half years. When released, they were found to be victims of 
grave malnutrition. Two reports from different groups were 
finished in 1946; it was then decided that they should be 
combined in one report. Various types of nutritional diseases 
and conditions were found and are discussed at length; these 
include edema, the urogenital syndrome, pellagra, beriberi, 
burning feet, keratitis, the neuropathies and vitamin A and 
vitamin B deficiency. 


Kreislaufuntersuchungen am Menschen mit fortlaufend regis- 
trierenden Methoden. Von K. Matthes, o. professor fiir innere 
Medizin, Erlangen. 8°, cloth, 326 pp., with 205 illustrations. 
Stuttgart: Georg Thieme, 1951. Ganzleinen DM 48.- Dis- 
tributed by Grune & Stratton, Inc., New York. 

Professor Matthes discusses the disturbances of the circula- 
tory system and the methods of registration, especially by the 
cardiograph. Two chapters are of special interest, those on 
vasomotor reflexes and on reaction to various drug prepara- 
tions. This last section is comprehensive in scope, occupying 
ninety-four pages of the text. There is a bibliography of 409 
titles and a good index. It is interesting to note that German 
book publishing has now equaled or surpassed the high 
standard prevailing before World War I. 


Differentialdiagnostische Symptomatologie von Krankheiten 
des Kindesalters: Klinische Vorlesungen. By Professor Dr. 
Med. Werner Catel, Chefarzt der Landeskinderheilstatte, 
Mammolshohe am Taunus. Second edition. 8°, cloth, 640 
pp., with 222 illustrations. Stuttgart: Georg Thieme, 1951. 
Ganzleinen DM 69.- Distributed by Grune & Stratton, Inc., 
New York. 

The first edition of this comprehensive special work was 
published in 1944. This new edition has been revised to in- 
clude the literature through 1950, and new material has 
been added, especially on the cephalias. The text is divided 
into fourteen chapters on deficiency conditions, the cephalias, 
hypertension and hypotension, heart-rhythm disturbances, 
anemia, polyglobulia, bleeding from the skin and its mucosa, 
swelling of the lymph nodes in the neck, vomiting, abdominal 
pain, icterus, flaccid and spastic paralysis and spasm. The 
book contains a mine of information for the pediatrician. 
The discussion on paralysis and spasm is extensive. There is 
a comprehensive index and the publishing is excellent. 


Medizinischer Rontgentechnik. I. Skelettaufnahmen und Or- 
ganuntersuchungen. By Prof. Dr. Herbert Schoen, Kar!s- 
ruhe. 4°, cloth, 228 pp., with 476 illustrations. Stuttgart: 
Georg Thieme, 1951. Ganzleinen DM 22.50. Distributed 
by Grune & Stratton, Inc., New York. 

This part of a two-volume set deals with the bony structure 
of the body and the various organs. Part Two will be devoted 
to physical and technical subjects. The plates are excellent 
and the material well organized. The set should be available 
to radiologists. 


By Seymour H. Rinzler, M.D., adjunct in 
medicine and cardiovascular research unit, Beth Israel Hos- 
pital, instructor in rehabilitation, New York University 
College of Medicine, and associate visiting physician, Bellevue 


Cardiac Pain. 


Hospital, New York City. 8°, cloth, 139 pp., with 12 illustra- 
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tions and 3 tables. Springfield, Illinois: Charles C Thom 
1951. $3.75. (Publication 113, American Lecture Seri 
The main part of this monograph is devoted to the mech 
ism of cardiac pain and its medical and surgical treatment 
There are short chapters on history and on the nerve pa 
ways of the heart. There is a bibliography of 335 relay 
and a good index. : 





NOTICES 


NORFOLK DISTRICT MEDICAL SOCIETY 


The opening fall meeting of the Norfolk District Medic 
Society will be held in John Ware Hall, Boston Medical 
brary, on September 23, at 8 p.m. The program is as follo 

The Annual Medical Survey of Well People in the Privat 
— Procedure, objectives, results. Dr. Maurice Fremont 

mith 

Laboratory Tests vs. Clinical Examinations and Evalu 
tion in Health Surveys. Dr. Robert P. McCombs. 

The next meeting will be held on October 28. The progr. 
will consist of a discussion of ‘‘Medical Emergencies: Diag 
nosis and treatment,” with Dr. Samuel Proger as moderat 
and a panel comprising Drs. Raymond D. Adams and Samue 
Levine. é 

Subsequent mectings will be held - November 25, January 
27, 1953, February 24 and March 2 ‘ 


EASTERN SECTION OF AMERICAN TRUDEAU 
SOCIETY 


The annual meeting of the Eastern Section of the Am 
can Trudeau Society will be held on Friday and Saturday, 
October 31 and November 1, in Philadelphia. Headquarte 
for the meeting will be at the Bellevue-Stratford Hote 
Members of the Society who wish to present papers are urg 
to communicate promptly with the chairman of the Progra 
Committee, Dr. Katharine R. Boucot, 311 Juniper Street 
Philadelphia. 


SPRINGFIELD ACADEMY OF MEDICINE 


A regular meeting of the Springfield Academy of Medicing 
will be held on Tuesday evening, October 14. This will b 
a joint meeting with the Western Chapter of the Massacht# 
setts Heart Association. 
Herman K. Hellerstein, M.D., chief of the Cardiac Clas 
fication Work Unit at the Cleveland Heart Clinic, Cleveland 
sen will speak on the subject “Cardiac Work Classification 
nit. 
A question period will follow the address. 


INTERNATIONAL COLLEGE OF SURGEONS 


The seventeenth annual assembly of the United States a 
Canadian chapters of the International College of Surgeo 
ak. held in the Conrad Hilton Hotel, Chicago, Septen 

er 2- q 

The Right Honorable Lord Thomas Horder, G.C.V. 
M.D., F.R.C.P., F.R.C.S., extra physician to Queen Eliza 
beth, chairman ‘of the Fellowship for Freedom in Medicine 
and member of the Council of the British Medical A 
tion, will be the speaker at the Convocation in the 
Opera House, September 5. His subject will be «Freedom i 
Medicine.” About 700 new fellows will be received into 
College at the ceremony, which will be the high point of 
Assembly. : 

The program will bring together 100 or more top Americat 
and Canadian surgeons with a score or more of foreign lead 
in surgery to present papers in a serious teaching meetin 
Several thousand physicians will be in attendance to head : 
them. In addition to the scientific sessions, a large series 
scientific and technical exhibits, a showing of new surgi 
motion pictures and clinics in Chicago hospitals will be” 
presented. q 

Unusual features of the meeting will be the program of a 
new section devoted to the basic sciences allied to surgery, 
and a special program for operating-room nurses, both set for” 
Tuesday, September 2. 7 


(Notices concluded on page ix) 











